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PREFACE 
Prads are today exposed to increasing load and abrasion ali over the world. 
The heavy traffic is stili growing, the roads are aging and beginning to 
deteriorate. The society is not willing or capable enough to finance invest-
ments for the improvanent of the road network. New knowledge of the dura-
bility of constructions and new technically and econauically profitable 
solutions are now needed. One such solution, which bas been known before 
but which now again arouses special interest, is the use of cnt as a 
binder in pavenent layers and as a concrete pavnent. 
The advantages of cent are known in principle also ±11 Finland, but our 
experiences are restricted and we have not yet enough knowledge of applica-
bility of cnent in our cold clirnate. For this reason a research project 
was established in autiinn 1986 in co-operation between the cnent industry 
and the Roads and Watexays Administration to collect the latest available 
information of the alicabiiity of cnent treated and cenent concrete 
pavenents in the Finnish conditions. Especialiy the foliowing points were 
chosen for the investigation: 
- 	use of cnent-treated pavenents when irnproving the bearing capacity 
of a road structure 
- 	abrasion resistance of concrete pavents ccared with aspbalt 
paveiients in a studded tyre traffic 
- 	rehabilitation of concrete pavenents 
- behaviour of concrete pavnents on a weak and carpressible soil 
- 	design of concrete pavenents in frost action conditions 
The Research was dane by Mr Jussi Rahiala (M. Sc.) fran the Finnish ssoci-
ation of Building Materiais Industry (Rakennusaineteollisuusyhdistys). A 
working team formed by experts frcin RWA and cnent industry has suorted 
hirn in his work. The managent teaxn, where 1 was chairinan, consisted of 
the foliowing menbers: Aulis Miettunen/Oy Partek Ab, Jan Owren/Oy Lohja 
7b, Jyrki Malinio/Fakennusaineteollisuusyhdistys and Veikko Hakola/the 
Poads and Waterways Aijministration. Mr Aulis Nironen, fran the Roads and 
Waterways Mministration, acted as secretary of the managnent team and as 
chairman of the expert group. 
This publication is the report of this project and Mr Rahiala is responsible 
for its contents. The ccxrnissioning parties will use the information and 
conclusions of this report in training and research as well as in making 
decisions concen-iing the use of cnent in road strucbures. We hope that 
the report will contribute to distributing new information on the possibil-
ities of cnent within our professional circles. 
On my behalf 1 wish to thank evexyone for their contribution. 
Helsinki, Septenber 30, 1988 
Väinö Suonio 
Boads and Waterways Mministration 
Director-in-chief 
The Engiish version is made under the guidance of the author and published 
in Nover 1989. 
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ENGLISH SUMMARY 
In Finland cement is guite 
scarcely used in road construc-
tion. Every now and then some 
experimental concrete pavements 
and soil cement works have been 
constructed but the conclusions 
have remained controversial. 
Not only the cost-effectiveness 
but also some technical aspects 
concerning our severe climate 
and soil conditions have resulted 
in hestitation in attitude and 
practice. But lack of money, 
lack of good aggregate, increas-
ing amounts of truck traffic 
and poor performance of road 
network are also in Finland the 
reasons for a glaring need of 
more capable pavement structures. 
Year by year the interest in 
cement and concrete in pavements 
is getting more obvious. 
In 1986 a research project was 
established in order to collect 
the up-to-date knowledge and 
experience about cement-treated 
and cement concrete pavements 
especially in countries with 
seasonal frost conditions. This 
publication is the report of 
that project. Even though some 
basic matters and details are 
treated the report tends not to 
be a manual or textbook, but a 
state-of--the art just for the 
Finnish situation. The report 
is divided into independent 
parts with references, each of 
them dealing with a special 
subject. 
Chapter A - Cement-treated 
pavements - gives a look to 
foreign and Finnish design and 
construction practice of cement-
treated pavement layers. The 
practice is found to vary a lot 
from Country to Country. The 
use of cement-treated pavements 
is affected also by tradition. 
A new interest is now obvious 
also in countries which never 
have used cement in pavements. 
The performance of cement-treated 
pavements is found pretty good 
even though the tendency to 
cracks reflecting through asphalt 
is a probiem. Anyhow, efforts 
are going on to minimize the 
thickness of asphalt layers and 
thus to improve cost-effective-
ness of the structure. In the 
report cement-treated pavements 
are considered to be suitable 
in Finland on the foliowing 
terms: 
- good drainage 
- sufficient frost proteCtion 
and transition arrangement 
- sufficient bearing capacity 
of the subbase 
- sufficient thickness of asphalt 
- sufficient frost resistanCe 
of cement material 
Chpater B 1 - General survey of 
concrete pavements - telis just 
briefly about the historical 
standpoints and the progress 
which has occurred during recent 
years on concrete pavemet design 
and construction techniques. An 
unreinforced, short slab with 
vertical transverse joints with 
dowels is introduced as the 
most suitable design for Finland. 
A brief history of the use of 
concrete pavements in some 
European and American countries 
is also presented in Chapter B 
1. 
Chapter B 2 - Repair and rehabi-
litation of concrete pavements-
presents the new repair and 
rehabilitation practice which 
is found in newly published 
manuals iri several countries. 
Both faults, causes and repair 
methods are presented. Special 
attention is paid to rehabili-
tation methods for the ruts 
caused by studded tyres. Up to 
now the best method seems to be 
diamond grinding of the rutted 
pavement. The practice is widely 
used in USA; the adaption to 
rehabilitation of ruts is not 
very popular today. The Norwe-
gians have made some experimental 
works by cold milling - and 
have succeeded. 
Chapter B 3 - Wear of concrete 
pavement caused by studded 
tyres - examines the factors 
affecting the wear resistance 
of a pavement. It is found that 
the most important factor is 
the wear resistance of the 
stone material. It is also 
proved that the compressive 
strength of concrete is a good 
indicator; compressive strengths 
up to 70 /m2 should be fa-
voured. With good aggregate and-
high compressive strength a 
wear resistance 2,5.. .3,5 times 
that of asphalt concrete (with 
the same aggregate) can be 
achieved. 
Chapter B 4 - Concrete pavements 
in severe climate - deals with 
basic matters like frost action 
phenomena and frost index meas-
urements quite thoroughly. The 
main contents is the state-of-
the art of the frost protection 
practice of roads in several 
countries. It is found that 
many countries allow shailower 
protection for concrete than 
for asphalt pavement because 
the loss of bearing capacity in 
spring time is of minor impor-
tance concerning concrete pave-
ments. Because of the most 
severe frost conditions that 
kind of reduction in pavement 
thickness is not suggested in 
Finland. 
Chapter B 5 - Concrete pavements 
on weak and compressible soils-
explains the main principles of 
soil consolidation caused by 
road ernbankment and traffic. 
The most usual methods for 
reducing the amount of differen-
tial settlements are also intro-
duced. The Swiss practice and 
experience in dealing with 
concrete pavements on compres-
sible soils is put forward and 
found most interesting. The 
present design practice in 
Finland is stated as follows: 
- total settlement during pave-
ment life 250 mm 
- longitudinal gradient differ- 
ence not more than 0,5 per 
cent during pavement life, 
- crossfall difference not more 
than 1,0 per cent during 
pavement life, 
- settlement increase not more 
than 30 rnxn/year in the begin-
ning of pavement life 
- safety factor against slide 
1.7.. .1.8. 
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CHAPTER A 
CEMENT-TREATED PAVEMENTS 
AO 
INTRODUCT ION 
Today road engineers have to 
tackle many acute probiems. It 
is increasingly difficult to 
find traditional aggregates of 
good quality because of either 
depietion of sand and gravel 
areas or of enviromental protec-
tion. Recyciing of the materiais 
which are removed from old 
pavements or excavations is 
increasingiy demanded for en-
vironmental and economicai 
reasons. Experiences in deterior-
ation of old pavernents empha-
size that structural durability 
of new roads should be improved. 
Effective rehabilitation of 
deteriorated roads calls for 
new working methods and new 
ways of thinking as to the 
quality and use of material. 
The constantly increasing heavy 
traffic and the pressure for 
heavier axle and vehicie loads 
set ever greater demands on the 
design of new roads. 
These chailenges are interna-
tional. In ali developed coun-
tries, where economical pressures 
are ever-increasing, efforts are 
being made to build more and 
more durable roads. This calis 
for research work. And in this 
work also the old methods will 
be digged out. Stabilization of 
soii by using binders - espec-
iaily cement-treated materiais-
is again of great interest to 
researchers. 
Also in Finland it can often be 
seen that the use of mainly 
unbound structural courses in 
circumstances where heavy traffic 
is growing does not guarantee the 
durability of the structure. 
Furthermore, from the technical 
and economicai point of view 
this is not the oniy structurai 
aiternative. This appiies es-
peciaily to base and subbase 
courses of main roads and main 
streets and also to the improve- 
ment of the bearing capacity of 
inferior roads. Cement-treated 
pavements - an old but not much 
used structural method, which 
we know from norrns and instruc-
tions - arouses new interest 
today. 
The aim of this state-of-the-
art report based on availabie 
investigations and planning 
instructions is to visualize the 
possibilities of cement-treated 
pavements when improving the 
bearing capacity of a road 
structure and to find ways for 
their technicai and economical 
use. 
Al 
CEMENT IN SOIL STABILIZATION 
The use of cement stabilization 
in road and street construction 
is almost as old as cement 
itself. The first stabilization 
experiments date back to 
1915.. .1917 to Fiorida, South-
Carolina and Engiand. The method 
spread first in the United 
States, and in the 1930s cement-
treated and concrete pavements 
were making strong progress in 
Germany. During the War the 
airfields were generally con-
structed using cernent-treated 
materials. 
A general breakthrough of cement-
treated materiais in road con-
struction took place in the 
extensive post-war road con-
struction projects ali over the 
world. In the 1950s and 1960s 
in the United States 40 million 
of cement-treated pavement 
were built annually when the 
Interstate Highway system was 
under construction, /1, 2/. 
Later the use of soii-cement is 
stabiiized but at the same time 
it is being used in an increasing 
number of countries. First the 
use of cement-treated materiais 
was based on empiricism but in 
-12- 
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Cement stabilizations executed 
by the Road and Waterways Ad-
ministratjon in 1960-88 (approx-
imately) 
FIGURE A-l. Cement stabili-
zation works on public roads in 
Finland /37, tvh/ 
the 1970s or in the 1980s most 
countries have established - on 
the basis of their own experi-
ences - their own norms and 
specifications for a proper 
design and construction of 
cement-treated pavements. 
In Finland the first cement-
treated pavements on a new road 
were laid in 1960 on the Main 
Road 6 to Taavetti. In Finland 
cement-treated materials have 
been used only on a small scale, 
approximately 0,1 million rn 2 a 
year (Figure A-l), although the 
cement-stabilized alternative was 
NOTE! New and old roads built 
before 1983 have been separated 
(a new road - no shading) 
already mentioned in the standard 
instructions by the Road and 
Waterways Administration as 
early as in 1964 and although 
thor.ough planning and working 
instructions were available in 
the beginning of the 1970s 
/3,4/. 
Cement is by no means the only 
or the oldest binder used for 
soil stabilization. The use of 
lime has been known for centu-
ries and it is stiil used in 
soil construction to stabilize 
the types of soil rich in fines. 
Cut-back bitumens and bitumen 
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emulsions are used in pavements 
and also in stabilization. The 
industrial by-products, flyash 
and blastfurnace slag, are 
nowadays important additives of 
stabilization. The binders may 
compete for the same project, 
but mostly the correct binder 
is decided on the basis of the 
aggregate to be stabilized and 
of the aims set for the stabili-
zation. Also the availability 
of a binder is a decisive factor. 
As most binders also cement 
decreases the effect caused by 
moisture and temperature van-
ations on the soil: 
- resistance to water erosion 
will increase 
- resistance to thaw will in-
c rea se 
- frost 	susceptibility will 
decrease or is prevented 
- processing and compaction 
properties will improve 
The most charactenistic feature, 
however, which addition of 
cement accomplishes, is the 
constant increase in strength. 
The addition of only 1 - 2 % of 
cement has many affirmative 
effects: it improves permanent-
ly the suitability of frost-
susceptible moraine, grading 
becomes rougher, frost suscep-
tibility decreases or is pre-
vented and the bearing capacity 
improves. When more cement is 
added, 3 - 6 %, it makes pure 
non-cohesive soil or moraine 
into a stabile layer, which has 
a good beaning capacity and 
which can be used as a part of 
any structural course. tJsing 
stiil greater amounts (>8 %) of 
cement produces lean-concrete 
or actual pavement concrete. 
The strength is based on the 
fact that the water in the soil 
together with cement forms a 
cement paste, which, when hard-
ening, binds the grains of the 
soil together. The more bindings 
between the grains the greater 
the strength. The compacter the 
mix the more bindings there are 
depending on the amount of 
cement paste. The voids content 
of cement stabilization is 10-
15 %. This value is about ten 
times higher than that of a 
normal concrete. This results 
in the cement-treated pavements 
being semi-nigid, something 
between elastic and rigid. 
The cement-bound mateniais are 
known for their good fatigue 
resistance, high E-modulus and 
for the fact that to a certain 
limit their qualifications are 
independent of temperature and 
load. These are very desirable 
properties inpavements. However, 
they can be wholly and reliably 
utilized only by careful pre-
liminary investigations, correct 
design and by expert construc-
tion. 
A2 
CEMENT-TREATED MATERIALS AS A 
CONCEP T 
The terms 'cement stabilization' 
on 'cement-treated pavements' 
generally refer to binding 
soils with cement. Cement-treated 
pavements are considered a high-
class stabilization. However, 
the contents and use of these 
terms in different contexts is 
inconsistent and unestablished. 
In city street construction the 
term 'lean concrete' is used of 
the same material, which again 
has been called a cement-treated 
pavement. Also internationally 
the use of these different 
terms has been inconsistent and 
this fact has hampered the 
exchange of information and led 
to misunderstandings. In the 
XVIII World Road Congress, 
PIARC, /5/in Brussels in 1987 a 
suggestion was made to unify 
the terms. The use of cement 
stabilization is restricted 
solely to subgrades and to the 
lower parts of a pavement. 
Cement-treated materiais are 
used in base or subbase courses 
and they are so designed that the 
addition of cement permanently 
increases the strength of the 
structure. The cement-bound 
structures which are paved with 
A 	 -14- 
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FIGURE 	A-2. 	Cexnent-treated 
materiais and cenient stabili-
zation in pavenient structures-
a principal drawing 
asphalt are called either semi-
rigid, composite or mixed struc-
tures. 
Figure A-2 gives a general view 
of the names of cement-bound 
layers and structures. It should 
be taken as a suggestion for 
contents of the concepts in 
Finland. 
According to the suggestion the 
structural properties of cement-
treated layers are: 
- they are used in base or 
subbase courses (a layer can 
be partly or wholly treated 
with cement) 
- they are so designed and 
constructed that their strength 
properties can reliably be 
utilized 
- they consist of homogeneous, 
non-humus aggregate 
- they crack freely (no joints) 
Later this report will concen-
trate on dealing mainly with 
the cement-treated pavements 
defined here and with their 
behaviour in the road structure. 
A3 
THE STRUCTURAL PROPERTIES OF 
CEMENT-TREATED MATERIALS 
COMPRESSIVE STRENGTH 
In a road structure the cement-
treated pavements function with 
the strength which the addition 
of cement gives to the aggregate. 
This strength is stated as a 
compressive strength at the age 
of 7 days. The target strength 
can vary 3 - 10 MN/m2 depending 
on the thickness of a layer and 
on its position in the structure. 
The strengths under the varia-
tion range cannot be utilized 
for dimensioning and so they 
can be classified as cement sta-
bilization. The strengths ex-
ceeding the variation range 
belong to lean concrete dimen-
sioned in slabs. 
The compressive strength of 
cement-treated pavements is 
naturally the function of a 
cement content. With a certain 
cement content, however, the 
compressive strength varies 
greatly depending on the grading 
of aggregates, dry density of 
the material, water content, 
compaction efficiency and curing 
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circumstances. That is why the 
amount of cement needed for the 
target strength can be found 
out only by preliminary tests 
made beforehand. The accomp-
lished compressive strength can 
be achieved only by a profes-
sional and careful working 
progress. 
In practice the amount of cement 
varies 4 - 8 % of the dry weight 
of an aggregate. The lower level 
of 4 % secures that a cement-
treated pavement is frost re-
sistant. Oversized amounts of 
cement are not only expensive 
but they also lead to increasing 
shrinkage cracks and that is 
why the improvement of the 
grading of aggregates is more 
profitable than the use of 
oversized amounts of cement. 
FLEXURAL STRENGTH 
As cement-treated materiais are 
used in the upper parts of a 
pavement also the fiexural 
strength is a vital feature. It 
is defined by bending beams 
made as a preliminary test or 
sawn from a completed pavement. 
The fiexural strength can also 
be defined from the Proctor 
cylinders as a so called split-
ting strength. In different 
countries the target strengths 
vary 0,5 - 2,0 MN/m2 , /2/. In 
Finland we have no definition 
for a fiexural target strength. 
It can roughly be said that the 
flexural strength is 1/5.. .1/8 
of the compressive strength. By 
increasing the compressive 
strength also the fiexural 
strength will increase. Impor-
tant factors are the dense graded 
curvature of aggregates, suffi-
cient amount of rough materiais, 
homogeneity of the mix and an 
effective compaction in the 
optimum moisture conditions. 
CRACKING 
Cement-treated materials are, 
except stabile and rigid, also 
freely cracking. Cracking is an 
inherent feature of cement-
treated pavement layers and it 
cannot and must not be pre-
vented. But if a cement-treated 
pavement cracks unpredictably 
it may damage other structures, 
weaken the serviceability of 
road surface or at least cause 
disappointment in the expecta-
tions of cement-treated pave-
ments. Thus it is important to 
know this cracking phenomenon 
and recognize that it can be 
influenced with design and 
construction. 
In cement-treated layers cracking 
occurs for the three foliowing 
reasons: 
a) as shrinkage cracking 
generally in connection 
with hardening 
b) due to tensions caused 
by temperature variations 
c) due to bending tensile 
stress caused by dynamic 
traffic loads 
The tensions caused by tempe-
rature variations and traffic 
loads are reduced considerably 
when the distance of cement-
treated material from road 
surface increases. In a cement-
treated base course (a thin 
asphalt pavement) these tensions 
are noticeable. They are usually 
handled by increasing the fiex-
ural strength of a cement-treated 
layer. Shrinkage cracking can 
be controlled with the foliowing 
measures: 
- no oversized amount of cement 
- a long setting time (adding 
of slag) 
- the water content of the mix 
in the optimum moisture condi-
tions 
- a rough, moistened base 
- a bitumen f ilm immediately 
after rolling 
The most advantageous cracking 
system is an integral, guite 
dense net of cracks. Then the 
cracks remain narrow micro-cracks 
which don't endanger the load-
transfer capacity, the effect 
of water or the durability of a 
A 
structure in general. However, 
the attitudes towards cracking 
phenomenon seems to influence 
greatly on the way cement-treated 
materiais are used in different 
countries. In some countries 
reflected cracking through as-
phalt up to the pavement surface 
is considered insignificant, a 
cosmetic fault, and even mainte-
nance because of cracks is not 
regarded as necessary. In other 
countries, for fear of mainte-
nance due to cracks, thick (10 
- 20 cm) asphalt layers are 
required on cement-treated 
layers, /5/. 
A4 
DESIGN AND CONSTRUCTION OF 
CEMENT-TREATED PAVEMENTS 
A 41 	DESIGN 
A 411 Behaviour of cement-
treated materiais in 
the pavement structure 
Although cement-treatedmaterials 
have been used for decades to 
improve the bearing capacity of 
pavements, the views of their 
behaviour differ in various 
countries. Some consider these 
materiais micro-cracking and 
semi-rigid and think that this 
mircro-cracking phenomenon 
should be secured by rolling 
after the hardening phase has 
started. Some regard the cement-
treated materiais rigid and 
require that the layers should 
have a sufficient fiexural 
strength in recurrent dynamic 
loads. 
As to design, these different 
ways of approach lead to dif-
ferent results, /5/: 
a) When the design is made on 
the basis of the fiexural 
strength, the layer thickness 
must be such that the tensile 
stresses caused by traffic 
loads in the lower surface of 
the layer is 0,5.. .0,65 times 
the fiexural strength of the 
hardened mix. This design method 
calls for aggregate of high 
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quality and for a very careful 
performance of the work. It is 
suitable for cement-treated 
materiais in a base course when 
traffic is very heavy. This 
method, when completely carried 
out, leads to rather thick 
cement-treated layers, even to 
full-depth structures. 
If a cement-treated pavement is 
designed with this method it 
will crack in slabs; distances 
between the cracks are several 
meters, even tens of meters. 
This cracking is just tolerated 
or it is prevented with thick 
asphalt layers. 
b) When the design is made on 
the basis of micro-cracking the 
tensile stresses are directed 
at asphalt layers, and the 
cement-treated layer functions 
on its compressive strength. 
This method is suitable for 
subbases. 
c) In many countries, however, 
a third way of approach is 
chosen. It is supposed that 
although cement-treated materiais 
do not have sufficient tensile 
strength and although they will 
crack also due to traffic loads, 
this cracking does not decrease 
the ability of a layer to bear 
and distribute these traffic 
loads and does not shorten its 
life period. This intermediate 
way of approach is considered 
possible owing to the good 
experiences received in different 
countries of the durability of 
cement-treated structures. With 
this method it is possible to 
exploit the superior compressive 
strength properties of cement-
treated materiais near the 
surface of the road. The cracking 
is tolerated and efforts are 
being made to control it by 
curing or by means of several 
layers of asphalt. 
A 412 Designofcement-treated 
layers 
In general, the total structure 
of a road must be so designed 
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that it is sufficiently rigid 
to be able to resist the stresses 
caused by dynamic traffic loads 
and to offer a good service 
level of long duration. The 
task of structural courses is 
to distribute the stresses from 
the road surface to the subgrade 
so that the allowed stresses of 
the subgrade won't be exceeded 
and also to restrict frost heave 
and to even out differential 
frost heave. In the design the 
critical factors are the vertical 
compressive stress on the sub-
grade and the tensile stress on 
the lower surface of bound 
courses, (Figure A-3) 
/ 	7- 
BOUND 
, ' 	E3 LAVERS __________ 
.E2 	'2 
-: 
LJNBOUND LAYERS 
SUBGDE 
Ei 	= E-MODULUS OF THE LAULU 
= POISSONS RATIO OF THE LAVER 
FIGURE A-3. Deflection and 
critical stresses of a road structure 
Design of structural courses 
can be performed as a multilayer 
construction on the basis of 
the stress - strain dependence 
on different materials caused 
by dynamic traffic loads. It is 
necessary to presume that the 
materiais are flexible, linearly 
and elastically behaving; also 
many other simplifying assump-
tions are made, /6,7/. In addi-
tion to the strength of the 
subgrade and to traffic loads, 
the internal modulus of elasti-
city and the so called Poisson-
factor (Figure A-3) must be 
defined as starting values, 
after which the stress condition 
of the chosen structural alter-
natives can be checked with 
computer programs. 
In Finland the structural design 
of a pavement construction is 
based on the enclosed Odemark 
design equation: 
MN/m' 
1 — ________ 	 1 
0,81 --- 	
E 	
/i +Q,1 (•=}' 
=_,)I3 
150 150 	EA 
E ts the bearing capacity on top of the layer surtace to he measured MN/m 2 
EA ts the bearing capacity under the isyer 
to be measured, MN/m2 
h ts the thickness of the layer to be 
measured, mm 
£ ts the E-modulus of the layer to he 
measured, MN/m2 
The design is performed step by 
step and course by course from 
the subgrade upwards and by 
choosing layer thicknesses and 
materiais so that the target 
load-carrying capacity will be 
reached. 
The corresponding elasticity 
assumptions can be made for un-
bound and cement-treated mate-
rials and in a design process 
any course can be replaced by a 
cement-treated layer. 
In this way the good strength 
properties of a cement-treated 
layer are taken into account in 
the design of the total struc-
ture. It is only a question of 
what are the material qualities 
(E-modulus) of cement-treated 
pavements that should be taken 
into the counting process. It is 
true that the E-modulus of 
cement-treated materials is 
considered to vary as much as 
1500 - 15000 MN/m 2 depending on 
materials, proportioning and 
the success of the work. In 
Finland the foliowing modulus 
values are coxrimonly used E = 
2000 - 2500 MN/m2 , (Figure A-
4) . In 1973 on the testroad of 
Palojärvi-Olkkala an E-modulus 
of 4500 MN/m2 was used for 
cement-treated materials in a 
subbase course (strength 2-3 
MN/m2) and an E-modulus of 7000 
MN/m2 for cement-treated mate-
rials in a base-course (strength 
3-6 MN/m2 ), /8, 9/. It would be 
A 
Material E-zuOu1u3 
MN/m 
Concrete 30 000 
Kcc (roller compacted concrete) 7 500 	(preliminary) 
A3phalt concrete 1 	500. . .2 	500 
Oil gravel 350 
Bitumen gravel 2 500 
Grouted macadam 700 
Non-cohesive aoil reinforced 2 	000.. .2 	500 with cement 
Cohaaive soil re.intorced with (200. . .400) lima (short-term) 
Non-trost-eusceptibla crushed 200.. .350 aggregate (the grading envelope 
of the subbaae or ba,. courae) 
Gravel and gravelly sand 150.. .280 (the grading envelope of the aubbaae coursa) 
Non-froat-auaceptible sand 30. . .100 (the grading envelope of the filter Cours.) 
rroat-ausceptible crushed aggre- 
gate or gravelly till 
in an embankment 150 - 	inacut 100 
FIGURE A-4. The E-modulus of 
the pavement structure mate-
riais in the Finnish design 
practice /40/ 
appropriate to use higher 
strength and E-modulus values 
than those we are used to. 
In practice the iayer thicknesses 
vary between 12 - 25 cm. For 
exampie in the United States 
and in Finland a thickness of 
12 cm is considered an absoiute 
minimum. A thickness of 15 - 20 
cm is most common. In Norway 
cement-treated layers of 10 cm 
on the base-course have been 
used, /10/. 
Various countries have their 
own specifications with standard 
structures or with design tabies, 
on the basis of which aiso the 
correct cement-treated aiterna-
tive can be studied without the 
iaborious counting process. 
This is the case also in Finland; 
the standard specifications by 
the Road and Waterways Adxninis-
tration from 1985 /11/ contain 
both a dimensioning diagramme, 
Figure A-5, and standard struc-
tures, an example of which i 
•.uus•a1arnlW 
•R....Ih(CA.a1 
•uuuuwuWauuullflI 
I7 Uth 4 	— • 	• •••••ib •uu•Lfjrwa•wnirv 
••uuuawa•rauuu•.••u•au•u••••uu 
•u•aaa•uu••uu•uuuu••••u•••••u 
•3 '4•••UUUUUUUUUUUUUUUIUUUU• 
20 40 60 80 100 120 14016080200220240 260280300 32C' 
E4 (MN/m 2 
FIGURE A-5. Thickness design of 
ceinent-treated layers according 
to the instructions of the Road 
and Waterways Administration 
shown in Figure A-6. The equiva-
iences in Figure A-7 show the 
effectiveness of cement-treated 
materiais in material economy. 
Certain approaches to pavement 
design abroad are handled in 
chapter A 61. A thorough sumrnary 
of the empiricai and analyticai 
approaches to pavement design can 
be read e.g. in the newiy pub-
iished book Cement-Treated 
Pavements by R.I.T Williams. /1/ 
A 413 Components and pro-
portioning of cexnent-
treated mix 
Aggregates 
Cement-treated materiais were 
originally deveioped into mate-
riais which wouid make it pos-
sibie to use marginal aggregates 
in pavements. In principie ali 
non-humus soil types which are 
rougher than siit are proved 
suitabie for binding with cement. 
Tolerance grading is compara-
tively wide, Figure A-8. It 
covers sand, gravel and moraine. 
The basic requirement is that the 
amount of particles smaller 
than 0,074 mm remains under 
Ey 
360 
(MN/m 2 ) 340 
320 
300 
280 
260 
240 
220 
200 
180 
60 
40 
120 
100 
80 
60 
40 
20 
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Pavernent structure category 2 Bearing capacity category E of the subyrade, easy frost action conditions 
STRUCTURAL ALTERNATIVES 
MN/m2 	
ci) 	b) 	c) 	d) 	e) 	MN/ 2 	[cml 
	
355 Final road surfice _iaa5 0 
CEMENT- 
Bace 	25 	 6 	TREATED - 
c 0 u rs e ____________ 	LAVER 
(cm) (cm) 	- 
iA 	 ______ ______ 	
25 
0 0 	
00 	 - ° 
0 	0 	 , 4 	
B O 
Subbase 0 	 - course 	0 	 0 0 	0 0 (cm) - 
fr 	0 
0 
- 	 1 	 0 	1 	- 
Filter 
0 
course 	30 	 ____________ 	when the freezing index 25000 and frost conditions mediuru 
(cm) - 	difficult 	 - 
v20 
L. - - - - - - Tj xi jrn!iLtota1 thicknesS 
when frost conditions difficT 
Sorce: TVH/STANDARS IV 5.3.(16.9.85) 
FIGURE A-6. Alternative pave-
ment structures, the example 
from the instructions of the 
Road and Waterways Adminis-
tration 
FIGURE A-7. Correspondence of 
different pavement structure 
materiais according to the 
instructions of Road and 
Waterways Administration /40/ 
30.. .35 % and that there are no 
stones bigger than 60 mm in the 
material. 
Aggregates can be frost-suscep-
tible, sandy or opengraded in 
which case addition of cement 
compensates the impurity in 
aggregates. Thus it is possible 
in principle to obtain homoge-
neous structural strength with 
cement-treatment inspite of the 
original aggregates. 
Different countries have dif-
ferent grading envelopes owing 
to the availability of aggre-
gates and to the purpose of 
cement-treated materiais, Figure 
A-9, but in general aggregates 
used in different countries are 
within the scope of the above 
definition. 
In addition to natural aggregates 
it has become more and more 
general to use industrial wastes 
and by-products, such as differ-
ent kinds of slags, as an aggre-
gate for cement-treated mate-
riais. Also old pavement mate-
riais are used for recycling with 
cement. 
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4, B 	Cernent stabilization 
0 	Lirne stabilization 
•.... 	Base course 
________ 	Crushed subbase course 
Gravel subbase course 
(4'/j 
	
	New cernent-treated material 
Al, ceni.content 4-6 % 
A2, cern.content 6-8 % 
FIGURE A-8. Finnish grading envelopes for 
aggregates to be stabilized 
In Finland several investigations 
and tests of the use of moraine 
as an aggregate for cement-
treated materiais have been made 
in the 1980's /12, 13, 14, 15, 
61/. 
When erosion, moisture and 
frost resistance are emphasized 
as structural properties of 
cement-treated materiais, wide 
grading envelopes contribute to 
obtaining profitable structural 
courses to various parts of the 
pavement /16/. This concerns 
base and subbase courses on 
roads with less heavy traffic, 
but principally only subbase 
courses on roads with very 
dense heavy traffic. 
When the compressive and flexural 
strength properties of cement- 
treated materiais are emphasized 
- as must be done when dealing 
with roads with heavy traffic-
stricter requirements have to 
be made on grading of aggre-
gates /17, 18, 19/. Primarily on 
the basis of Central European 
experiences and investigations 
"a new cement-treated material" 
has been developed. The require-
ments for aggregates to be used 
in this are purity, strength and 
well-graded curvature. 
In the norms of various countries 
the grading envelope usually 
corresponds to the grading 
envelopes of unbound base and 
subbase courses, however, the 
maximum grain size for cement-
treated materiais is 50 mm, as 
examples the grading require-
ments of the Finnish (Figure A-
8) and German norms (Figure A-9). 
A -21- 
FIGURE A-9. Grading envelopes of cement-treated 
materiais in different countries (A, B, C are 
the Finnish grading envelopes for lime and 
cement stabilization) 
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The greatest dry densities and 
the greatest strengths of cement-
treated materiais can be obtained 
with a grading curvature the 
middle part of which touches 
the lower boundary curve, but 
both ends approaches the upper 
boundary curve. 
According to the Norwegian 
recommendation the total amount 
of fines (< 0,074 min) and cement 
in cement-treated materiais 
should be at least 10 %, /10/. 
On the other hand, if the amount 
of fines is more than 15 % 
cement-treated materiais are 
difficult to handle. If aggre-
gates are of crushed material-
especially the amount which 
corresponds to the grading of 
sand - the best strengths are ob-
tained. 
Cexnent 
Ordinary Portland cement is the 
binder most frequently used in 
cement-treated materiais. In 
countries as Beigium, France 
and Spain where supply of hyd-
raulic binders, blastfurnace 
slag and flyash, is great, 
cement-treated materiais are made 
using these binders. Thus the 
amount of cement may be only 
15.. .40 %, /20/. Also in Finland 
the use of blastfurnace slag is 
accepted but then the amount of 
cement must be at least 30 %, 
/21/. 
In many countries blastfurnace 
slags are not favoured due to 
slow developing of strength. 
When 70 - 80 % of the 28-day 
compressive strength is obtained 
with Portland cement at the age 
of 7 days, the corresponding 
figures with slag mixes are 20 
- 30 %. A good initial strength 
is considered important for 
cement-treated materials because 
cement-treated layers can only 
seidom be isolated from traffic 
so that a slow strength develop-
ment can be taken into account. 
If this strength development ±5 
disturbed in its initial phase 
it may be fatal for the final 
strength. 
On the other hand, use of slags 
aliows a longer working time 
with fresh mixes, and the fully 
developed (90 days) final 
strengths are equivalent with 
Portland cement or even better. 
Additives 
Use of additives in cement-
treated materiais ±5 not yet 
very common. The siowing effect 
of humus in the hardening process 
of cement can be neutralized 
with lime powder (1 - 2 % of 
the dry weight of aggregates). 
The same effect can be obtained 
more profitably by increasing the 
amount of cement with approxi-
mately 1 percentage unit. How-
ever, humus is an unpredictable 
factor and it is recommended to 
avoid aggregates which contain 
humus. 
The setting reaction can be 
accelerated for example with 
calcium chloride (0,3 - 0,8 % 
of the dry weight of aggregates). 
In some cases using a retarder 
may be necessary to increase 
the processing time. The binding 
time is generally determined by 
the choice of a correct binder, 
not by the use of additives. 
More deta±led investigations of 
additives have been made in 
France. They are also more fre-
quently used there. 
Mix design 
Content of cement, water and 
aggregates in cement-treated 
mixes depends on the quality 
and grading of aggregates but 
also on the goals set for the 
material. Weather resistance is 
the most important factor in 
the United States and in Switzer-
land, and the proportioning is 
there defined with preliminary 
tests to correspond to this goal. 
A weather resistance goal can 
be - depending on the method-
the maximum weight loss or the 
allowed maximum change in the 
-23- 
	 A 
Usual Range Estlmated cement 
in cement content and that requlrement** used In Cement contents 
moisture-denslty for wet-dry and Unified Soil percent 	percent test, freeze-thaw tests, Classification* by vol. 	by wt. percent by welght percent bv weight 
GW,GP.GM,SW, 5-7 	3-5 5 3-5-7 
SP, SM 
GM,GP,SM,SP 7-9 	5-8 6 4-6-8 
GM,GC,SM,SC 7-10 	5-9 7 5-7-9 
SP 8 - 	12 	7 - 	11 9 7 	- 9 	-11 
CL. ML 8 - 12 	7 	- 12 10 8 -10 -12 
ML,MH,CH 8-12 	8-13 10 8-10-12 
CL, CH 10 - 14 	9 - 15 12 10 	-12 	-14 
0H, MH, CH 10 - 14 	10 - 16 13 11 	-13 	-15 
* based on correlatlon presented by Air Force ** for most A horizon solis the cement should be lncreased 4 percentage points, if the soi] 	is 
dark grey to grey, and 6 percentage polnts If the soi] Is black 
C clay S sand 
M moraine 0 organic 
G gravel 
FIGURE A-1O. Range of cement content in differ-
ent aggregates according to an American in-
struction /2/ 
length of the sample after 
certain freezing/melting or 
drainage/saturation tests /2, 
22/. Figure A-1O gives us an 
example of the American pro-
portioning process. 
In most European countries, 
however, cement-treated materiais 
have the compressive strength 
as the top goal (Figure A-1l) 
and the cement amount required 
is defined with preliminary 
tests using actual materials, 
/5/. 
A preliminary test arrangement 
can be as shown in Figure A-12. 
With the improved Proctor test 
the optimum water content and the 
maximum dry density of a cement-
aggregate mix will be defined 
with three different amounts of 
cement. Then the cylinders, 
which give the maximum dry 
densities, will be compressed 
at the age of 7 days and by the 
help of the compressive strength 
results estimates will be made 
with which amount of cement the 
target strength will be obtained, 
/23, 24/. 
As cement and its transportation 
form approximately one haif of 
the cement-treatrnent costs it 
is necessary both technically 
and economically to def jne 
beforehand the optimum content 
of cement. There are pre-calcu--
lated charts based on grading 
values available, but their use 
is not fully reliable. However, 
it is possible to present average 
values as in Figure A-1O. 
In Finland the strength target 
in base courses is 5 - 6 MN/m 2 
 at the age of 7 days and in 
subbase courses 3 - 5 MN/m2 . 
The strength target in base 
courses may be increased up 
till 10 MPa in the near future. 
The cement content varies between 
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FIGURE A-11. Cement content and compressive 
strength of cement-treated materiais in dif-
ferent countries /5/ 
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- teot cylinders are made by a Froctor mould 
with three different cement contento and with 
three water contents; compacted at the age of 
7 days 
- the cement amount needed for the required 
strength is interpolated 
FIGURE A-12. An example to find 
out the needed water and cement 
amount /4,24/ 
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4 and 8 % in the grading enve-
lopes Al and A2 and between 7 
and 10 % in the grading envelope 
3 calculated from the maximum 
dry density of aggregates, /4, 
25/. 
With a cement content of 3 - 5 
% the required compressive 
strengths are reached when 
using high-quality aggregates, 
but for many reasons a cement 
content of 4 % is considered 
the minimum value in Finland 
and also in other countries. 
This minimum value secures the 
erosion and frost resistance 
and decreases risks caused by the 
working quality. 
A 42 	CONSTRUCTION 
A 421 Major demands for the 
work 
It is an advantage of cement-
treated materiais that they can 
be processed fresh and formed 
on the road in a way of loose 
materiais with conventional 
equipment and also that the 
strength development takes 
place only afterwards. The 
addition of cement as such is 
not sufficient to improve load-
carrying properties of an aggre-
gate. It is essential that the 
work will be succesfully per-
formed. 
Because the amount of cement in 
cement-treated materiais is so 
small the mixing and homogeneity 
of the material are of vital 
importance. If cement-treated 
materials remain loose they 
lack strength. That is why it 
is important that the compaction 
has been made efficiently. In-
sufficient curing, again, spoils 
the strength development and 
increases cracking. 
In order to achieve the planned 
targets it is necessary that 
not only the work control but 
the working process as a whole 
will be accomplished with such 
equipment and methods that a 
homogeneous cement-treated 
layer will be obtained. The 
objects are: 
- a correct water content (near 
the optimum water content) 
- a correct cement content 
(evenly in the material) 
- a sufficient degree of com-
paction (generally at least 
97 % with the improved Proctor 
test of the maximum dry den-
sity) 
- favourable temperature and 
humidity conditions for the 
strength development in the 
curing time 
(working temperature more 
than +5 C, a good curing 
material) 
- the pavement must be protected 
against traffic for long 
enough a time 
A 422 Working methods 
The well-known working methods 
of cement-treated layers are 
the mix-in-place and mixed-in-
plant methods. The mix-in-place 
method is oider and special 
equipment for the different 
working phases has been deve-
loped especially in the United 
States, /2/. 
The mix-in-place method is most 
profitable when aggregate mate-
riais available on a road can 
be used. Although the quality 
deviation of the material will 
be greater with this method, 
this is regarded as a fully 
parallel working method to the 
mixed-in-plant method in many 
countries, especially in the 
United States. 
The mixed-in-plant method is 
considered profitable when 
high-quality aggregates trans-
ported from elsewhere are used. 
According to the norms in many 
countries, e.g. Norway, Denmark, 
Germany and Spain, the mixed-
in-plant method is, because of 
the evener quality, the only 
acceptable method for cement-
treated base courses /5, 26, 27/. 
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TABLE A-1. Comparision of different working 
methods of cement-treated layers 
ISSUE MIX-IN-PLACE METHOD MIXED-IN-PLANT METHOD 
Quality Quality level more A good quality level 
unhomogeneous Small deviation 
Greater deviation 
Price Often less expensive Competitive, when the 
hauling distance of 
the mix is short 
Size of the Suitable for small Often requires a project projects relatively great 
project 
Perforrnance of Many working phases in Less working phases the work the field 
Special equipment Mixer, cement spreader Concrete plant, paver 
Base Aggregates of the layer Calls for an even, 
function as a base bearing base for the 
paver 
Use of material Can utilize existing Aggregates transported 
aggregates from elsewhere 
Handling of the Sprinkling with water and The spread layer is not 
mix formation with a grader usually formed any 
possible in the finishing more, 	requires an 
phase ever base 
Effective working More time for compaction Shorter working hours 
hours 	(not more before the setting be- due to the hauling of 
than 2 h) gina the mix 
Applicability Always when using aggre- On base courses of 
gates of old roads heavily trafficked 
asphalt-paved roads 
In other cases the working method is to be chosen 
according to local conditions, available equipment 
or on the basis of price comparisions. 
In Finland so far 2/3 of the 
cement stabilization work has 
been made using the mix-in-
place method and 1/3 with the 
mixed-in-plant-method. 
Different working methods and 
their suitability with advantages 
and disadvantages are dealt 
with more thoroughly in the 
inclosed table (Table A-1). 
A 423 Working phases 	and equipinent 
The essential working phases in 
cement treatment are /28/: 
Mix-in--place 
- preliminary 
work: 
transport of 
additional ma-
terial, removal 
of stones, 
loosening of 
soil, sprink-
ling with water 
etc. 
- spreading ce-
ment 
- mixing 
- finishing 
- compacting 
- curing 
Mixed-in-
plant 
- preliminary 
work: 
supply of 
- aggregates, 
erection of 
a concrete 
plant, com-
paction and 
forming of 
the base etc. 
- mixing and 
transport 
- spreading 
- compacting 
- curing 
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In the mix-in-place method 
removal of stones and loosening 
of soil are demanding working 
phases and the homogeneity of 
the final result depends greatly 
on them. Spreading of cement can 
be made with bags if it is a 
question of a smaller work. 
When dealing with greater areas 
the spreading work can be made 
either with lime spreaders used 
in farm works or with special 
equipment (Figure A-13). The 
spreading precision should be 
good and the needed amount of 
cement should be spread at the 
saitte time. In these respects 
every equipment used nowadays is 
insecure. 
The mixing shall be made using 
special mixers. In Finland 
light mixers actually used in 
agricultural works have been 
cominon. Their mixing capacity 
has been adequate only for thin 
soil-cement layers. Also new 
types of mixing equipment have 
been developed in Finland, an 
example of them a plough-like 
mixer. 
The heavier equipment lately 
introduced in Finland has given 
us good experiences, Figure A-
14. The mixing results have been 
good aiready after the first 
drive when the layer thickness 
has been 15 - 17 cm. There is 
also stili heavier equipment 
which has been used abroad. 
However, their economical use 
provides big construction sites 
and greater pavement thicknesses. 
The WINDROW-method, /2/ which 
is well-known in the United 
States, is a special method 
where the aggregates are col-
lected or laid as a longitudinal 
windrow. Cement is spread on 
the fiat top of the windrow and 
the material is mixed and spread 
with a special mixer, which 
picks up the material, mixes it 
and spreads again on the road. 
In the mixed-in-plant method 
the compaction and form±ng of 
the subbase is an important 
preliminary working phase, 
r. 
7 
FIGURE A-13. Laying cement 
with a Panien spreader (bought 
to Finland in 1988) 
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FIGURE A-14. A Cat RR 250 
soil stabilizer in operation 
FIGURE A-15. A site mixing 
plant used for producing 
cement-treated aggregate 
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because the material is iaid as 
a iayer and the evenness of the 
surface cannot be finished after 
the iaying process. The material 
is made and transported as in 
usual concrete production, the 
iaying is made either with a 
drag which is fastened to the 
truck or with an asphait paver. 
When cement-treatedmateriais are 
used in base courses and the 
demand for evenness is great, it 
is necessary to use steering 
wire and automatic leveiiing in 
a paver. The manufacturing 
capacity of the material should 
be so great that the iaying 
operation can proceed in a 
continuous manner. At the end 
of each day's work and during 
pauses longer than two hours a 
verticai construction joint as 
a fuii-depth transverse joint 
is made. The adjoining lanes 
shail be iaid within two hours 
and so that the longitudial joint 
can be compacted before the 
setting of the soii-cement 
begins. 
In both methods 97 % of the im-
proved Proctor compaction is 
regarded as a proper compaction 
requirement in the whoie cement-
treated layer. This is possible 
when cornpaction is taking piace 
in the optimum moisture condi-
tions and by using heavy com-
paction equipment. The heavy 
vibratory roliers of 8 - 10 
tons are the most reiiabie 
soil-cement roiiers. To obtain 
the best possibie resuit the 
suitability of the equipment 
shouid be tested with a test 
rolling. In a ioose material 
compaction is started without 
vibration and it is completed 
with 4 - 6 roliings every time 
increasing the vibrating power. 
The use of heavy combination 
roliers (vibratory rolier-
rubber tyred roiler) has become 
more and more popular in cement-
treatment; a rubber tyred roiier 
secures the compaction of the 
surface and gives a good finish. 
The compaction must be compieted 
before the setting starts, 
within two hours after mixing 
the cement at the latest. An 
efficient compaction must not 
lead to short thicknesses; a 
sufficient compaction margin 
must be taken into account in 
the loose thickness of the 
iayer. On the soil-cement surface 
there must not be disintegrated 
areas; they must be mixed and 
compacted again. 
Except compaction also curing 
has an important roll in the 
strength deveiopment and crack 
forming of cement-treated pave-
ments. The iayer must be kept 
moist and it must be protected 
from traffic. The surface can 
be protected by sprinkling it 
with water or with special 
curing materiais. The most 
reliable nethod, however, is 
protection with bitumen emulsion 
(0,8 - 1,0 kg/m) which is done 
immediateiy after the compaction 
on a fresh soil-cement surface; 
if the surface is dry it can be 
moistened before spreading the 
emulsion. 
Alternatively, the first asphalt 
layer can be spread on a fresh 
soil-cement surface; according 
to a Dutch experience this method 
secures best that cracking is 
only harmiess hair cracking. 
Protection from traffic is ali 
the more important the greater 
fiexural strength the iayer is 
expected to have, in other 
words the higher in the structure 
the iayer is situated. It is 
generaiiy regarded that when 
using normai cement a cement-
treated pavement can be opened 
to a iighter traffic after 3 
days and to a heavy traffic 
after 7 days. If the road must 
be opened to traffic eariier, 
the cement-treated pavement 
should be protected with asphait 
or with a iayer of crushed 
stones (> 10 cm) . The risks are 
estimated case by case for 
excample using the Swedish 
approaching method as stated in 
Figure A-16. In the specifi-
cations by the Road and Waterways 
Administration light vehicie 
traffic can be aiiowed after 1 
day and heavy traffic after 
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three days on a base course. 
According to the specs the 
strength should be > 2 MN/m2 
 before opening the road to 
traffic. 
If the asphalt is laid directly 
on a cement-treated material, 
an emulsion treatment with 
chippings is often necessary to 
secure the tack coat of the 
asphalt and cement-treated 
pavernent. 	Surface 	treatment 
decreases also reflection of 
cracks into the asphalt surface. 
A 424 Quality control 
Quality control, which is per-
formed during the cement-treat-
ment, surveys the grading, 
water and cement content and 
compaction degree of aggregates. 
The final result is judged on 
the basis of the compressive 
strength. It is possible to 
test also frost resistance 
(frost susceptibility, water 
resistance) and fiexural strength 
afterwards. Laboratory instruc-
tions and specifications contain 
requirements for test methods 
and sampling equipment and they 
do not differ much in different 
countries. Only in attitudes to 
compressive strength and frost 
resistance there may be differ-
ences. 
TABLE A-2. Definition of the 
compressive strength of ceinent-
treated materiais in Germany, 
Sweden and Finland 
P 
h0] 
Ip 
Naxiniurn 
uheel 
oad 
(t) 
Maximuni 
axle 
load 
C t) 	
h 6 : 	210 	140 
J 
- 
115 	90 	mme 
/ e 
10— 
/ 36— 
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0 	1 	2 	3 	4 	5 	6 	7 
teniperature 20°C 
age 	Cd) 
standard cenient 
FIGURE A-16. Axle-load limits 
for fresh cement-treated 
layers according to Swedish 
instructions /23, 24/ 
Different countries set different 
targets to compressive strength 
and it is tested with different 
methods, in Table A-2 testing 
arrangements and strength targets 
in Western Germany, Sweden and 
Finland are presented. These 
differences should be recognized 
when comparing different com-
pressive strength values. 
Dia. or the Height ot th. Procodura S000th.ninq aaapl. Loading Loading Coapr033. NOtO 
.aapl. sapl. and. ag. (days) sp.ed .tr. MPa 
G.reany 150 125 vibeating table + gypsue or quick c.- 28 0,1 IiPa/s 7 - 12 Mao a cyliad.r Ot 
bulk wsight < 12 kg e.nt eort.r 2 days 150e300 	availabi.; 
on the .aapl. b.for. tha t.st th.n the .tr.ngth 
valuOs ar. ab. 30 % 
.all.r 
Sw.den 152 130 ± 3 vibratung ..ith a c0000t sortar or 7 
__________ 
incr. 	in 
_________ 
5 - 10 Wh.n 1.veliiflg wuth a 
Kango haer rubb.r sh.et the de- rubber aheet the 
pression str.ngth values aro 
0,03 a/s ________ about 50 % sealier 
_________ 
?inl.nd 
_____________ 
152 
_______________ 
114 
____________________ 
taopering wuth a 
___________________ 
cn.nt eortar or 
__________ 
7 0,14 t'a/. 4 - 6 
(102) (117) Prortor ha..r auiphur 
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FIGURE A-17. External qualifi-
cations for the durability of 
cement-treated layers 
In Germany both compressive 
strength and frost resistance 
are part of the quality control 
performed during the work, /26/; 
in many countries (USA, Holland 
etc.) compressive strength is 
tested only with preliminary 
tests; frost resistance and the 
weathering effect caused by 
moisture variations are followed 
in the quality control, /29/. 
No measurable frost resistance 
requirement has been set for 
cement-treated pavements in 
Scandinavia. It is thought that 
compressive strength is related 
to frost resistance. It is 
provided that cement-treated 
pavements are absolutely non-
frost suscept±ble. In Germany a 
change of < 1 o/oo in height in 
a frozen Proctor sample after 
12 freezing cycles is required, 
/27/. 
Fiexural strength is generally 
defined as a splitting strength 
of the cylinder sampies; also 
specially made beams are used. 
As a rule, it is quite difficult 
to make sampies for testing, when 
it is a question of comparatively 
dry materiais. The present 
rnethods are not well adapted to 
the field control of cement-
treated materiais. New testing 
methods are to be developed in 
different parts of the world, 
especially concerning rcc (roller 
compacted concrete) . Taking 7-
or 28-day core sampies directly 
from a road and testing them 
may be enough to follow up the 
final resuit of cement-treatmeflt. 
This would also be a an easy 
rnethod for thickness control. 
This is the practice for example 
in Canada but there it concerns 
lean-concrete. 
A 43 	QUALIFICATIONS FOR THE DURABILITY OF THE CEMENT-
TREATED LAYER 
A cement-treated layer is ex-
pected to have a good lasting 
durability. Correct design, 
good materials or a professional 
construction are not enough. 
Such 'external" factors as load 
bearing capacity of subbase, 
drainage or frost protection of 
the construction are essential 
as to durability, (Figure A-17). 
A 431 Load-bearing capacity 
of the subbase 
A sufficient load-bearing capa-
city of subbase on which the 
cement-treated layer is laid is 
important for two reasons: 
- On a weak subbase a cement-
treated pavement cannot effi-
ciently be compacted and the 
strength remains low. 
- On a weak subbase fiexural 
stresses caused by traffic 
exceed the allowed values, 
the cement-treated pavement 
cracks and looses its rigidity. 
The higher in the pavement 
structure the cement-treated 
layer wili be situated the more 
important it is that the subbase 
has a sufficient ioad-bearing 
capacity ali the year round. 
The weaker the ioad-bearing 
capacity the higher must the 
safety factor be when designing 
the thickness of a layer. 
This minimum level of the spring 
load-bearing capacity of subbase, 
which cement-treated materiais 
can be designed on, varies 
between 20. . .40 MPa (5.. .10 
CBR) in different countries /2, 
5/. According to the specif i-
cations by the Road and Waterways 
Adxninistration the ioad-bearing 
requirements under cement-treated 
layers are at least 40.. .50 MPa, 
/21, 25/. When designing cement-
treated layers for base courses 
on main roads the minimum re-
quirements vary between 80.. .120 
MPa in different countries, /5, 
30/. This kind of a minimum value 
has not been defined in Finland. 
A 432 Drainage of the struc-
ture 
A road construction shouid be 
such that the cement-treated 
iayer and the unbound layer 
immediately under it can be 
drained freely to side ditches 
or to subsurface drains on both 
sides of the road. This is im-
portant because 
- a water saturated subbase 
loses some of its load-bearing 
capacity in the melting phase 
and then it does not support 
a cement-treated pavement 
sufficiently 
- the frost resistance of a 
cement-treated pavement would 
suffer too much if the pavement 
"swims" in water during the 
freeze and thaw phase; the 
pavement cracks and loses its 
rigidity. 
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A 433 Frost protection 
A cement-treated structure must 
be properly protected against 
frost; differential frost heave 
and the loss of load-bearing 
capacity during the spring must 
be levelled with sufficiently 
thick noti-frost susceptible 
layers and with transition 
wedges. If this is not the case 
a cement-treated pavement made 
as a subbase or base course 
will be quickly distroyed and 
steep differences in frost 
heaves weaken the driving com-
fort. We have many bitter ex-
periences of this in Scandinavia 
of the roads repaired with 
cement treatment in the 1960's 
and 1970's. In Finland cement-
treated structures have been 
avoided if a total frost heave 
exceeds 100 mm or an uneven 
frost heave exceeds 50 mm, /25/. 
When it is a question of an old 
road the frost damage and the 
need of transition wedges must 
be studied already in the design 
phase and the necessary change 
of materiais should be made 
beforehand. As far as new roads 
are concerned the total thickness 
of a pavement can be defined on 
the basis of a proper frost 
heave design. Thin cement-treated 
layers which are iaid either on 
a base or subbase course do not 
affect the total thickness of a 
pavement structure, /30/. 
An increase in the structural 
rigidity can be considered a 
decreasing factor of thickness 
only if cement-treated iayers are 
thick (> 25 cm) or if a cement-
treated layer is placed as the 
lowest layer of a pavement 
structure (a sandwich struc-
ture), /22/. Even then the 
differential frost heaves must 
be levelled separately. Frost 
protection of a rigid pavement 
will be handied more closely in 
Chapter B 4. 
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A5 
USE OF CEMENT-TREATED MATERIM1S 
IN DIFFERENT PARTS OF THE ROD 
STRUCTURE 
It has already become clear 
that cement-treated materiais 
can be used in a road structure 
in different ways. Originally a 
cement-treated layer was used 
as a base for a concrete pavement 
or as an intermediate layer 
improving subgrade. Later cement-
treated materials have been 
used in different layers of a 
mixed structure or they have 
been used to improve the load-
bearing capacity of old roads. 
Different ways of use involve 
own targets and special fea-
tures, which are presented 
here. 
A 51 	CEMENT-TREATED MATERLALS 
IN THE HASE COURSE 
(Figure A-18) 
When cement-treated materiais 
are used in a base course of an 
asphalt paved road the objects 
may be 
- an increase in the load-bearing 
capacity compared with an 
unbound layer 
- cost savings compared with a 
bitumen bound layer 
- less 	deformation 	in the 
structure 
- a longer lifetime of the 
structure 
A combination of cement-treated 
materials and asphalt gives the 
upper part of a pavement struc-
ture a better rigidity than 
using only asphalt. This also 
contributes to a longer life 
period. With fluctuating price 
trends also the direct competi-
tiveness of cement-treated 
pavements ranges compared with 
asphalt pavements. But because 
cement is well available and also 
made in Finland cement-treated 
materials are more and more 
often chosen for a base course. 
This is the case also in coun-
tries where thick asphalt layers 
FIGURE A-18. Cernent-treated 
materiais in a base course 
have been used more than in 
Finland. It is the base courses 
made of cement-treated materiais 
that are of interest all over 
the world at the moment, /5/. 
In a base course cement-treated 
materiais are at their best; 
their strength qualifications 
can best be utilized there. But 
it is the base course that sets 
the greatest requirements for 
aggregates, proportioning, 
frost resistance, workingmethods 
and quality control. There is 
also a great risk for crack 
reflection into the surface of 
a pavement. However, many coun-
tries have had experiences that 
hair cracks on thin asphalts do 
not weaken the durability of a 
structure and do not shorten 
its life period; the damage is 
cosmetic. 
In any case, due to a hair 
cracking risk thin asphalt 
layers (5 - 10 cm) on top of 
cement-treated layers are allowed 
only for inferior roads in most 
countries, /5, 30, 20/. It is 
general that minimum asphalt 
thicknesses of 10 - 20 cm are 
required on main roads. These 
requirements have weakened the 
actual competiveness of cernent-
treated pavements and accelerated 
investigations to avoid crack 
damage and to escape thick as-
phalt layers. In addition to 
the control of the cracking 
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phenomenon itself (Chapter A 3) 
there are also promising methods 
to prevent reflection cracking, 
such as the use of rubberized 
bitumen in asphalt and different 
kinds of surface treatments 
with bi.tumen between cement-
treated and asphalt layers. JCTGM 
Jj15-3Ocm) 
When using thin asphalt pavements 
the adhesion of a cement-treated 
pavement and a 4sphalt has to be 
secured with emulsion and surface 
treatment with chippings. The 
asphalt must also be as stabile 
as possible in order not to in-
crease the deformation risk of 
asphalt because of cement-treated 
materiais underneath. 
A cement-bound base course can 
also be made of rcc, lean-con-
crete or of actual concrete. 
The strenghts are then greater 
than in cement-treated mate-
riais and cracking is controlled 
by sawing and crack sealing. 
Reflection of such joints up to 
asphalt surface is also con-
sidered difficult. However, 
good experiences have been 
received of jointing and sealing 
the asphalt surface and concrete 
base at the same places, (Figure 
A-19) 
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FIGURE A-19. Transverse con-
traction joints of mixed 
structures in an American 
design specification /57/ 
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FIGURE A-20. Cement-treated 
materiais in a subbase course 
Base courses which are stronger 
than cement-treated layers-
lean concrete, rcc - are men-
tioned in the norms of many 
countries, e.g. Spain, England, 
Ontario and many other states 
of USA, /5, 31/. They are of 
course used only on motorways 
with the heaviest traffic. 
A 52 	CEMENT-TREATED MATERIALS 
IN THE SUBHASE COURSE, 
(Figure A-20) 
When desi.gning cement-treated 
pavements for an upper part of 
a subbase the objects may be: 
- thinner structural thicknesses 
and thus savings in materiais 
and costs 
- utilization of sandy or other-
wise unfit aggregates 
- increase of the total struc-
tural rigidity and thus longer 
life period. 
In a subbase course cement-
treated materiais function in 
an "optimum situation"; effect 
on the total structural rigidity 
is efficient, requirements for 
materiais and working precision 
are moderate and there is no 
risk for cracking of pavements. 
Strength requirements are also 
smaller than in a base course. 
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A proper design would provide 
that on a cement-treated subbase 
course a bound base course 
should be designed, in other 
words another cement-treated or 
asphalt layer. This is regularily 
the procedure on roads with 
heavy traffic, /20, 5/. In 
different countries it is a 
routine that there is a cement-
treated subbase course on main 
roads and then a base course 
and pavements of bitumen; it is 
rare to make both subbase and 
base course with cement, /20/. 
The use of an unbound base 
course (10.. .20 cm) on a cement-
treated subbase is of interest 
for different reasons: 
- Cracking risk of a pavement 
can be avoided. 
- In uncertain frost conditions 
an intermediate layer evens 
out differential frost heave. 
- Unbound material protects the 
fresh cement-treated layer 
from drying and traffic damage. 
- It is easy to form the unbound 
material as a base for a 
pavement surface; the levelling 
requirements for cement-treated 
pavements become easier. 
Inspite of crushed gravel and 
crushed rock also opengraded 
macadam can be used. 
From the point of view of the 
design this kind of a structure 
is heretic". As to load-bearing 
qualifications a clearly weaker 
material is laid between cement-
treated and asphalt layers. 
Also drainage of the intermediate 
unbound layer has aroused doubts. 
However, experiences in practice 
have been good in Finland and 
also in other countries, /5/. 
This "compromise" is considered 
good when traffic is not very 
heavy. France, Switzerland and 
Romania are testing this struc-
ture also on roads with heavy 
traffic. 
A 53 	CEMENT-TREATED MATERIALS 
IN LOWER PARTS OF THE 
SUBBASE (Figure A-21) 
By building a cement-treated 
layer as an intermediate layer 
between a subgrade and the 
actual pavement layers rnany 
advantages can be reached: 
- Compaction of the layers laid 
on top of a cement-treated 
layer will become easier and 
thus compaction requirements 
can be higher. 
- Differential forst heave will 
be evened out; a cement-treated 
layer acts as a transition 
wedge, the total thickness of 
a pavement can be thinner. On 
a weakly load-bearing or 
compressible subgrade a cement-
treated layer forms something 
like a matress and leveis 
plastic deformations and 
settlement differences. On a 
very weakly bearing or watery 
subgrade compaction of a 
cement-bound layer won't 
succeed. In this case a lime 
stabilization of the subgrade 
can be made first. 
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FIGtJRE A-21. Cement-treated materials on the surface of the road base 
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Of this 'sandwich' structure 
the Swiss have had good and 
long-term experiences, /32/, 
and now the method is known ali 
over the world. The sandwich 
structure can be understood as 
a part of a pavement structure, 
but it can also be used to 
improve a subgrade as to the 
load-bearing capacity or settle-
ments. The strength requirements 
of a cement-treated iayer iike 
this cannot be very high, because 
the iayer is compacted on a 
weak base, strengths of 2 - 3 
MPa are sufficient. 
A 54 	THICK CEMENT-TREATED 
LAYERS 
When we combine the different 
cement-treated solutions pre-
sented in the previous chapters 
we more or less think of fuii-
depth structures. Especially in 
Switzerland the design of cement-
treated pavements is based on 
thickness rather than on 
strength. This full-depth alter-
native is included in the norms 
and in Switzerland this alterna-
tive is regarded as competitive 
both technically and economicai-
ly. Figure A-22, /22/. Also in 
Germany a full-depth cement-
treated structure has been 
accepted in the new norms, 
Figure A-23, /30/. Frost protec-
tion has been abandoned in 
these solutions and a suggestion 
has been made that a thick 
cement-treated layer stabiiizes 
both frost heave and load-bearing 
differences. Transition wedges 
should be made when needed. 
This kind of a frost protection, 
however, looks suspicious to 
many researchers and so far the 
experiences are not convincing. 
In Finland where the frost lies 
deep, frost protection must 
stili be made with sand, but it 
is possible even here to effec-
tively design the remaining 
structure with cement-treated 
materiais. 
A 55 	CEMENT-TREATED LAYER 
AS A BASE OF THE CONCRETE 
PAVEMENT (Figure A-24) 
FIGURE A-24. Cement-treated 
layer as a base of a con-
crete pavement 
A concrete pavement compensates 
also the base course 50 that a 
cement-treated layer which is 
buiit as a base of a concrete 
pavement is actually laid as a 
sub-base course. The views of a 
subbase course presented in 
chapter A 52 concern also the 
base of a concrete pavement. A 
cement-treated pavement is one 
alternative to fiil the require-
ments (Chapter B 143) which a 
concrete pavement sets to its 
base. 
As a base of the concrete pave-
ment the main requirement of a 
cement-treated layer is not 
strength as such, but erosion 
and frost resistance and even-
ness, /22, 33/. In such a layer 
varying materiais as to grading 
can be used, also different 
industrial wastes or crushed 
old pavements. 
The maximum grain size is usually 
restricted to 20 mm. By using 
different cement contents and 
by performing the preliminary 
tests bases meeting the require-
ments can be buiit also of 
varying materials. The minimum 
thickness of a layer is generally 
10 - 15 cm. 
A 
As to the quality of the work a 
cement-treated layer as a base 
of the concrete pavement must 
meet high requirements. The 
surface must be homogeneous, 
even and compact, especially if 
the concrete pavement is made 
with a slip-form paver. Uneven-
ness and a varying absorbing 
capacity of moisture of the 
base may weaken the quality and 
evenness of the pavement. That 
is why it is often required that 
a cement-treated base for con-
crete pavements should be laid 
with heavy machinery with auto-
matic levelling and possibilities 
to homogenizing of material. 
If the strength of a cement-
treated layer is too high com-
pared with that of the concrete 
pavement, the hair cracks of a 
freely cracking cement-treated 
layer may reflect also into a 
concrete pavement as "wild" 
cracks. According to Canadian 
experiences this relation should 
be at least 3:1 in favour of a 
concrete pavernent. In Finland 
we do not usually have this 
risk, because we use concrete 
with strength up to K50-K70. To 
avoid a cracking risk the binding 
between a soil-cement and a 
pavement is eliminated by hand-
ling the cement-treated surface 
with bitumen emulsion or with 
other isolating materials. 
A cement-treated layer can also 
be designed as a part of a 
rigid pavement structure when 
both the pavement and the base 
act together, thus a complete 
binding must be provided between 
a cement-treated base and a 
concrete slab. This kind of 
design sets other requirements 
for the composition of a cement-
treated material as stated 
before. These designing methods 
are exceptional - only test roads 
have been built - but especially 
in connection with rcc, utili-
zation of the co-operation 
between a cement-treated base 
and a concrete pavement is of 
great interest. 
A 56 	CEMENT-TREATEDPAVE2IENTS 
IN THE IMPROVEMENT OF 
THE LOAD-BE.ARING CAPACITY 
OF OLD ROMS 
When old road structures are 
improved the aim is usually to 
use the old structure as part 
of the new structure. The object 
is to restore the condition of 
the road and increase the load-
bearing capacity with as little 
additional material and costs 
as possible. On certain condi-
tions, the use of cement-treated 
pavements is a very suitable and 
profitable method when improv-
ing a structure /34/. In Figure 
A-25 there are some in principle 
different alternatives of the 
use of cement-treatment in 
rehabilitation of old road 
structures. 
In order to succeed the quality 
of a cement-treated layer must 
meet the load-bearing capacity 
requirements, also the external 
factors mentioned in chapter A 
43, a sufficient bearing capacity 
of a base, good drainage and a 
proper frost protection, must 
be in order. Lack of these 
conditions has often been the 
reason why a newly repaired 
road with cement-treated base 
or subbase has soon damaged 
again. 
These kinds of bad experiences 
have been reported from all 
over Scandinavia, especially 
from Sweden, when cement-treated 
pavements and cement stabili-
zation were used to improve 
unpaved road structures without 
taking sufficient care of the 
preserving conditions, /35/. On 
the basis of these experiences 
we know now that cement-treated 
pavements are not suitable for 
improvement of the load-bearing 
capacity of stony and unevenly 
frost-susceptible roads. Instead, 
if an old road has proper struc-
ture its damage can be repaired 
and the load-bearing capacity 
can be improved profitably with 
cement-treated layers and cement 
stabilization. 
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FIGURE A-25. Improveiuent 
methods of old roads when 
using cement-treated materiais 
In rnany countries it is a cornmon 
practice to start the improve-
ment of a road structure by 
miiling the old damaged road sur-
face. A homogenized layer can 
be ieft unbound or it can be 
stabilized with bitumen or 
cement. This homogenized iayer 
forms a base for cement-treated, 
concrete or asphait layers. 
Actuaily, the increase of the 
load-bearing capacity is under-
taken by these bound layers. 
A6 
EXPERIENCES OF CEMENT-TREATED 
PAVEMENTS 
A 61 	EXPERIENCES FROM ABROAD 
Cement-treated pavements have 
been used long and ali over the 
world. Each country has its own 
practice and tradition in using 
and designing cement-treated 
pavements. Many countries have 
also made thorough investigations 
on the durability of their ce-
ment-treated pavements. On the 
basis of own experiences speci-
fications and norms have been 
drawn up for design and con-
struction. Differing experiences 
and conditions have ied to a 
diversified specs coiiections, 
Figure A-ll, /5, 1/. Planning 
practice in different countries 
has been dealt with eariier in 
the report. 
As an exampie of standard struc-
tures extracts from German, 
French and Swiss standards are 
presented, Figures A-26, A-27 
and A-28. Not only the contents 
of the norms but also the actual 
adaption 	of 	cement-treated 
pavements differ in many coun-
tries. For exampie only some 
states in USA use cement-treated 
iayers as a base of a concrete 
pavement, Figure A-29. Of the 
European countries only Denmark, 
Engiand and Gerrnan Democratic 
Republic join regularly a cement-
treated base to a concrete 
pavement, in other countries 
aiso unbound and asphait bases 
are in comrnon use. In France a 
semi-rigid cement-treated struc-
ture is aimost solely used with 
an asphalt pavement, /20/. In 
other countries the use of 
cement-treated materiais is not 
so widely spread, although 
interest and test activities 
are great. 
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FIGURE A-26. Semi-rigid cement-
treated structures in the 
German standards /30/ 
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cement-treated structures in 
the French standards /20/ 
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FIGURE A-29. The base structure 
of concrete pavements in the 
different states in znerica 
Of the Scandinavian countries 
Norway has strongly increased 
the use and research of cement-
treated pavements, /10/. 
In Denmark cernent-treated pave-
ments are always built as a 
base of a concrete pavement; 
otherwise interest has been 
little, although in the norms 
there are alternatives also for 
cement-treated pavements in a 
base course. Also in the Swedish 
design instructions cement-
treated pavements have been 
mentioned. Because of the thick 
asphalt layer (100 - 200 mm) 
required on a cement-treated 
base or subbase this alternative 
has not been competitive and it 
has not been used. New investi-
gation results of using cement-
bound macadam together with a 
thin asphalt layer are encour-
aging, /36/. To repair old 
roads cement-treated pavements 
are not used in Sweden because 
of the negative experiences in 
the 1970's. 
In other countries the experi-
ences of the durability of 
cement-treated pavements have 
mainly been good, especially 
experiences of the permanence 
of the load-bearing capacity. 
Cracking is a 'besetting sin' 
of a mixed structure and it 
causes maintenance costs; the 
costs depend on how sensitively 
this cracking is takeri. Generally 
a mixed structure is considered 
as good as a bitumen-bound 
structure, and it is regarded 
as less expensive also on roads 
with heavy traffic. 
However, thin asphalt pavements 
(< 10 - 15 cm) are feared to 
lead to a greater damaging 
degree and increasing maintenance 
costs and that is why the method 
of thin pavements are under 
constant investigation. Owing 
to the negative experiences in 
Sweden and Canada avoiding of 
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A 
cracking damage and other dura-
bility conditions must be care-
fully considered when cement-
treated pavements are designed 
in coid and frost-susceptible 
conditions. 
A 62 	EXPERIENCES FROM FINLAND 
A 621 Performance tests of 
former cement-stabilized 
roads 
Yeariy about 100 000 m 2 of 
cement-treated pavements and 
cement stabiiization have been 
built on pubiic roads in Finland, 
little amounts have also been 
used on streets and yards, 
Table A-1. A thorough research 
of the condition of these cement-
treated pavements was done in 
1979 by the Roads and Waterways 
Ad.ministration and VTT, the 
Road and Traffic Laboratory, 
/37/. A corresponding research 
was done in ali Scandinavia. 
VTT received information on 42 
objects, which was equivaient 
to about 900 000 m2 of cement-
treated pavements. The research 
covered about 75 % of the total 
amount. A sumrnary of this re-
search is in Figure A-30. 
Contrary to Sweden this research 
gives a rather positive picture 
of the durability of cement-
treated pavements in the Finnish 
conditions. Aithough about a 
haif of the objects were in a 
base course the inconveniences 
of cracking were not stressed. 
In general, cement-treated 
pavements had prevaiied their 
ioad-bearing capacity or im-
proved it in the course of 
years. The deficiencies are 
often related to the working 
method or to a small size and 
vagueness of objects. The recom-
mendations of the researchers 
for future projects have aiso 
been marked on the table. 
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A 622 Cement-treated pavements 
on 	the 	Palojärvi- 
Olkkala test road 
In the 1970s a considerably 
wide research programme on road 
structures was compieted in 
Finland. It concentrated on the 
test section on the Palojärvi-
Olkkala road (later called Main 
Road 2) in the Vihti cornmune. 
This test road was designed as 
a co-operation between several 
parties in 1971 - 72 and it was 
buiit in 1973. For a foiiow-up 
a 5-year research prograxnme was 
made out and the final report 
was published in 1979, /8/. In 
connection with the research work 
many separate reports were 
pubiished, among others theore-
tical calcuiations of pavement 
structure aiternatives, /9/. 
The test road consisted of 27 
test sections each being 100-
300 m, Figure A-3l, seven (7) of 
them were cement-treated struc-
tures paved with asphalt (MB1-
MB7) . Ten (10) test sections 
were paved with concrete (Bi-
BiO), and in four of them cement-
treated base as a part of the 
pavement structure (31, 32, B7, 
B9) were used. The aim of the 
research was to study in com-
parabie conditions how different 
kinds of structures are suited 
to the Finnish climate and 
frost-susceptible soil. As to 
the cement-treated pavements, 
the durabiiity of different 
cement-treated structures in a 
relation to each other and to 
other comparison objects was 
investigated. Ali structures 
were so designed that frost 
action was possibie; thus many 
test iengths were intentionaily 
short-dimensioned. When cement-
treated pavements were designed 
a value of 5 - 6 MPa was used 
as a design strength in a base 
course, E-moduius was 7000 
MN/m2 . Correspondigly in a 
subbase course the design 
strength was 3 - 4 MPa and the 
E-moduius 4500 MN/m2. 
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In the follow-up research settle-
ments, frost heave, friction, 
abrasion, evenness, bearing 
capacity, damage and driving 
comfort were measured. 
It could be stated in general 
that those lengths where cement-
treated pavements were used 
were also damaged quicker. They 
had cracks, breakages and ravel-
lings which required repair 
actions during the follow-up 
time. These defects resulted from 
faults made during the working 
process on the surface of the 
cement-treated pavement (ravel-
lings) and from a short-di-
mensioning that was more apparent 
in these structures than in the 
others. 
When comparing the cement-treated 
pavement sections with each 
other the results support the 
opinion that even a thin cement-
treated layer increases effi-
ciently the load-bearing capacity 
of a structure, but in order to 
reach a long life period a 
sufficient frost protection or 
thicker cement-treated pavements 
are required. When using a thin 
asphalt pavement of 5 cm it 
results in hair cracking, and 
the deterioration of a cement-
treated surface can be disastrous 
to the durability of the pave-
ment. Instead, with a pavement 
of 10 cm a damage risk on a 
road surface can be avoided. 
A 623 Other Finnish expe-
riences 
Primarily the Roads and Waterways 
Districts together with cement 
manufacturers have acquired 
experiences among other things 
of the utilization of moraine 
and blastfurnce slag in cement-
treated pavements as well as of 
working methods, /12, 13, 15/. 
In the Finnish soil bed we have 
plenty of frost-susceptible, 
stony moraines so that improving 
their validity with stabilization 
is in a way a possiblity which 
has not yet been exploited. In 
principle it is always possible 
to stabilize moraine, but the 
fact that the subgrade is so 
stony and rich in humus makes 
it uncertain whether stabili-
zation in practice is profitable 
and appropriate. Careful pre-
liminary tests are needed when 
designing stabilization of 
moraine and cement-treated 
pavements based on moraines. 
Best are moraines which are 
rough and contain a reasonable 
amount of fines; they can be 
crushed without the equipment 
being choked up and then handled. 
Addition of cement makes them 
applicable on any pavement 
structure. Possibilities to use 
moraine have been studied not 
only with field tests but also 
with investigations by the Road 
and Waterways Administratiofl, re-
search centers and universities, 
/12, 13/. 
Also possibilities and qualifi-
cations to use blastfurnace 
slag have been studied with 
investigations and field tests. 
Finland has a positive attitude 
to blastfurnace slag in road 
structures. Hence, the use of 
blastfurnace slag is allowed up 
to 70 % of the total amount of 
binders. 
In stabilization of old roads 
the stones in the material to 
be stabilized has usually been 
the hindrance. Several methods 
have been developed to remove 
stones and to mix stony mate-
riais. In the Road and Waterways 
District in Keski-Pohjanmaa a 
plough-like mixer has been 
developed to stabilize rocky 
materials. Except for rockiness 
also lack of effective mixers 
has given a "handmade" impression 
on in-situ stabilizations and 
hampered a wider use. In 1987 
special equipment for mixing 
material has been acquired to 
Finland. The first experiences 
show that they have a good 
mixing and working capacity, 
(Figure A-14). Even these ma-
chines are unable to work with 
very stony materials. 
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ABBREVIATIONS 
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25 127 IZB ... .. 1 3 
PALOJÄRV 1 -OLKKALA 
TESTROAD 
Longitudinal section 
FIGURE A-31. The longitudinal 
section of the Palojärvi-
Olkkala test road and the 
pavement structures of the 
test sections 
A 
One third of the cement-treated 
pavements in Finland has been 
made as a mixed-in-plant process. 
As to the quality the experiences 
of this method have been good 
in those districts where the 
work has been done. In many 
cases, however there has not 
been an easily transferable 
mixing plant with a sufficient 
capacity. This has delayed the 
working progress on a road and 
raised the price. 
A7 
CEMENT-TREATED PAVEMENTS IN THE 
FINNISH STPJNDARDS PND SPECIFI-
CAT IONS 
In a modern sense cement-treated 
pavements are known in Finland 
since 1960, when they were used 
for the first time in a base 
course of a new road (main road 
6, Taavetti) . Since 1964 we 
have had design standards and 
specifications, which have been 
revised in the course of years. 
The most important standards 
and specs are listed in Table 
A-3. Of them the instructionS 5 
- 9 represent the new valid 
design practice in the Road and 
Waterways Administration. Pubii-
cations from the 1970's contain 
TABLE A-3. Design and construc-
tion of cement-treated pavements 
- the most significant Finnish 
publications 
1965 	TVH:n Norniaalirnääräykset ja -ohjeet Stndars for road design 
by RWA 
1972 	Stabilointiohjeet, TVH 73 2614 /4/ 
Kadunrakennuksen tekniset ohjeet, 
KTO 76/SKTY /38/ 
Tien rakenteen parantaniinen, suunnit-
teluohje, TVH 722336 /34/ 
Maabetoniurakan urakkaohjeinia, 
TVH 731462 
TVH:n kirje tepiireille Rt-16/2.3.84 
liitteineen Xj /25/ 
TVH:n Norrnaalin;ääräykset ja -ohjeet / 
Tien rakenne /40/ 
Maabetonityön työselitys, TVH 731464/ 
21 
Betonipäällysteet ja senienttistabilointi/ Concrete pavenients and centent 
stabilization, translation of 
a swedish nianual 
x) 	(liite 3: Näkökohtia maabetonin suunnit- 
telusta sekä työkohtaisen työselityksen 
ja urakkaohjelman työkohtaisen osan 
aatiniisesta) 
2. 
3. 
4.  
5. 
6. 
7. 
8.  
9. 
10. 
1976 
1980 
1984 
1984 
1985 
1985 
1987 
1970 	Maabetoni / Senienttiyhdistyksen 	 Manual for CTGM construction 
käsikirja /3/ 
Technical specifications for 
stabilization works 
Technical specifications for 
city streets 
Design nianual for structural 
iniprovenient of roads 
Contract schedule for CTGM 
wo r ks 
A staternent by RWA concerning 
specs for, design and 
cr)nstructiol of CTGM 
New standards for road design 
by RWA 
New specs for CTGM works 
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stiil important and valid basic 
information, but they have been 
or will be brought up-to-date. 
The instruction 10 is a trans-
lation from the Swedish pubii-
cation "Betong p mark" and 
contains the latest view of the 
design and construction of 
cement-treated pavements in 
Sweden. Figure A-32 presents 
alternatives for improving the 
structure of an old road. In 
Figure A-33 there is an example 
of cement-treated structures of 
a new road according to the 
instruction 8 in Table A-3. In 
the instructions cement-treated 
pavements are presented as an 
alternative for other structural 
solutions and its design and 
construction are dealt with in 
an adequate way. Thus general 
conditions exist for the use of 
cement-treated pavements. In 
the instructions bound base 
courses have no favoured position 
in any pavement class, so that 
cement-treated pavements have 
to compete in price with other 
alternatives, although they 
offer a more rigid and thus 
more durable alternative. 
1. UNBOUND STRUCTIJRE 
EJL 
erurfice' 
2. CEMENT-(LIME)STABILtZED STRUCTURE 
Mb 
3. ASPHALT STRUCTURE 
E!111 Crshed Itones, cruhid gr.eI 
9 	Fter Gr.v.I 	n 	obbI,. 
Mb. C....nt-te$tMd 1.yr tr %nd 
(c....flt 	st.bfUtiOfl) £•• 
I. lje 	UbflIZtIOfl Geot.,til. 
9*' Ffl-d.pht 	pht 
Source: TVH 722336/1980 
FIGURE A-32. Structural alter-
natives in the i.mprovement of 
the road structure /34/ 
STANDARD STRUCTURES OF ASPHALT-PAVED ROADS IN FINLAND 
* Base course: CTGM 
* Category of subgrade E 
* Frost index 25 000 hOC 
PAVEMENT STRUCTURE CATEGORY 	1 2 3 4 5 
E2 required v62IMN/m 6 cm ASPHALT 
LAYERS 	Ab(BS) 	 20 
BASE cenient-tr. 	 14 
1 cm 
1Rfl 
_____ 14 ____ _____ 
ILm 
265 
10 
_____ 	12 
1 cm 
____ 	5 
12 
cm 	1 
vJ1 
v 	12 
SIJBBASE 	crushed 25 
4. aggr. 	v20 	O.•j 
FILTER 	sand 	 1 	159 
1 	25 
L4.I v20 °H
1 	01 	25 
v20 	Io.:I 
I•ö 	:1 	25 
v2fl 	lI __________ 1 	142 
6 	25 
v20 __________ 1 	141 1 	154 __________ 1 	47 
-121 161 -126166 - 135 175 - 	1381 	78 -139179 
59180 120 
FROST CONDITIONS 	h 	k 	v 
h = easy 
54180 120 
h 	k 	v 
47180 1120 
h 	k 	v 
42I0 	120 
h 	k 	v 
41 60 	120 
h 	k 
k = niedium difficult 
v = difficult 
Source: TVH/Standars IV 5.3 (16.9.1985) 
FIGURE A-33. Cement-treateci 
structures in the norms of 
the Road and Waterways Admin-
istration /40/ 
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A8 
PRICE AND PROFITABILITY OF 
CEMENT -TREATED PAVEMENTS 
Direct price 
The price of cement-treated pave-
ment consists of the sum of the 
costs of different working 
phases, Figure A-34. Compared 
with an unbound layer the direct 
additional costs are caused by 
the supply and mixing of cement 
with auxiliary works. In Figure 
A-35 a typical m2 -price and a 
price distribution for cement-
treated pavements in a base 
course are presented. It can be 
roughly estimated that stabili-
zation costs of aggregates are 
two times the cement price in 
the site. 
When comparing a m 2 -price of a 
ready-compacted layer as unbound 
with a bound layer, the cost dif-
ference is 1,5 times the price 
of the cement itself. 
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The price of cement in the site 
(2/88) varies 0,40 - 0,50 mk/kg 
(1988) depending on the quality 
and delivery distance. Blast-
furnace slag costs about 0,25 
mk/kg ex works (Raahe, Lohja) 
(1988) 
The share of aggregates in the 
price of cement-treated pavement 
varies between 30 - 50 % de-
pending on the source of aggre-
gates and transportation dis-
tance. 
Prices in Figure A-35 give only 
a size range; price of cement-
treated pavement must be calcu-
lated case by case, /41/. 
MIXED-IN-PLANT METHOD: 1 	Purchase 
enIent 
Transportatio 
of cenlent 
nik/t 
Purchase of Transport of Produktion Transport of 	Laying of the mix, 
aggre9ates aggregates of the mix the mix conlpaction, 	curing. 
nik/njitd nik/ni2itd mk/t nik/t nik/m2 
Prel .works 
formation and coni- 
pactiom of the bus 
mk /m2 
MIXED-IN-PLACE METHOD: 
rchas 
WorkincostsJ 
nsorto9 ______________ _____________ ________________ 
eof fl 	Transportof_ff1 ] 
P:CEOFCEMENT TREATED 
LAYER 
oik! 
FIGURE A-34. Working phases 
and cost development of cement-
treated pavements 
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TYPICAL m2-PRICE: (15 cm cement-treated materiais in the base 
course, cement content 5 %, hauling distance 15 km) 
Without aggregate 	Including aggregate 
l7mk/m 2 2Ymk/m 2 
	
(14...20) 	 (22...32) 
(md. joint costs) 	(md. joint costs) 
THE CHANGE IN THE PRICE WHEN THICKNESS CHANGES 1,10 mk/m2/cm 
TYPICAL PRICE DISTRIBIJTION: 
/0 	 Work/' 	Cement 
Work f Cement 	/ 30% -30% 
f 50% 	5O% 	 ( ( 26O ;25...4O 
(60 .40( 	(40...60) 
20%20%o 
(10.30) 0(15.25) 0 
Transport 	
:0:00000 Aggregates 
NOTE! 	The information of the figure gives only 
the size range based on cornpleted projects. 
Actua costs of single cenient-treated 
projects depend greatly arnong other's on 
the amount of cement, hauling distances, 
size of the project and working methods. 
FIGURE A-35. Price of cement-
treated inateriais in Finland 
in 1988 
A-36. ConstructiOfl costs of cent-
treated pavents with different workinq 
methods 
MIX-IN-PLACE METHOD  
Example: a cement-treated pavement of 17 cm on the 
subbase coure, area 50.000 m2 (10 m, 5 
kai), agyregate crushed gravel. 0.. .45 me, 
hauljng distance from the crushing plant 
30 km, compaction coefficient 0,70. Aiount 
of cement 4,5 % - 17 kg/ui2, 75 kg/ui , iri 
the mixed-in-plant method the piaat on the 
site (distance to the road 0-3 km), the 
project jo southern Finland 
MIXED-IN-PLANT METHOD 
quantlty 	unit 	mk/unit. mk 
11500 m3itd 	17,00 	195 500 
11500 m3itd 	26.40 	303 600 
quantfty 	unit 	V/untt 	mk 
11500 m3itcJ 	17,00 	195 500 	 AGGREGATE IN STOCKPIIE 
11500 m3itd 	26, 140 	303 600 	 LOADING MD TRMSPORT 30 KM 
LAYING WITH GRADER 
850 	t 	370,00 	3114 500 	 CEMENT ON SITE 
350 	h 	600.00 	210 000 PROD4JCTIOI( OF THE MIX TABILITATION 
(60 t/h. p)ant + one 	praylng wlth water 150 .k/h 
loader) 	 carlfylng 	 200 mk/h 
)aying cenient 	170 •k/h 
11500 m3,td 	5.22 	60 030 ttuLI TO THE ROAD 	levelling 	 170 mk/h 
350 	h 	300,00 	105 000 SPEEDING WITH ASPHAI.T 690 .k/h 
PAVERS (20 000 mlx) 
350 	h 	190.00 	66 500 	 COMPACTION 
50000 	m2 	1,60 	80 000 	 CUR!NG (0,6 kgIm2SE) 
TOTA). WORKING 335 130 	"26,79 mk/mZ 	 20.12 mk/m? 
COSTS 
160 215 	 JOINT COSTS 	12 % 
T0TALLY 	495 35 	I4IXED-IN-P1.MT 	 MIX-IN-PLACE 
29.91 mk/m2 22.53 mk/m2 
1 	100 1 h 	1690.00 1 69 000 1 
100 	h 	190.00 	19000 
50000 	mZ 	1,60 	80 000 
TOTAL WORK!NG 1 006 000 
COSTS 
TOTALLY 	1 126 720 
Price of cexnent-treated pavexnents 
with different working methods 
Generally it is said that with 
a mixed-in-piant method a more 
homogeneous quaiity can be 
obtained and the price won't be 
higher than in the mix-in-piace 
method, if the material to be 
bound is brought from eisewhere 
in both cases. In many countries 
it is not aiiowed to use the 
mix-in-piace method in the base 
course and then it is not ne-
cessary to compare the prices. 
However, the mix-in--place method 
is developing ali the time as 
to equipment and working pre-
cision. Thus it is important to 
foiiow the quaiity/price relation 
of both methods. So far in 
Finland the mixed-in-piant 
method has been 20 - 30 % more 
expensive than the mix-in-piace 
method. The reasons are very 
natural: 
- Worksites are smaii; transfer 
costs of a mixing plant are 
emphasized in the price. 
- Easily transferable mixing 
piant equipment is scarce. 
- There are not many continuous 
mixing plants with sufficient 
capacity. 
- Worksites are opened oniy 
occasionaiiy. 
The price relation will be more 
in balance when there is more 
work and better equipment. The 
actual costs of aggregates must 
be taken into account in price 
caicuiations. In Figure A-37 a 
caicuiation form and a comparison 
exampie are presented. 
Profitability of cement-treated 
pavements 
A cement-treated pavement can 
be part of the standard structure 
of a high-quaiity road when its 
use is based on a road ciass 
and traffic amounts and then no 
profitability calculations are 
needed. 
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In general, however, a cement-
treated structure is a structural 
aiternative which has to show 
its competitiveness when cost 
comparisons are made. When this 
kind of a comparison is made it 
shouid be performed as a totai 
comparison of properly designed 
pavement structures, FigureA-37. 
The savings in transportation 
costs of aggregates used in 
cement-treated pavements - but 
most of ali in materiais and 
thicknesses of other pavement 
iayers - compensate the addi-
tional costs caused by the 
addition of cement. When ali 
aiternative costs per unit 
length of the road are caicu-
lated a correct starting point 
for a cost comparison is ob-
tained. When costs of cement-
treated pavements turn out to 
be the same as or only a littie 
more expensive than those of 
other alternatives, cement-
treated pavement shouid be 
chosen because its rigid struc-
ture secures a ionger iife 
period. 
The profitable comparison can 
also be made based on life 
cycie costs according to chapter 
B 162. However, there is so 
littie foilow-up information on 
the durability of cement-treated 
structures and so iittie ex-
perience of its design in Finland 
that we have to rest content 
with comparisons of construction 
costs. These comparisons can be 
compieted with estimations of 
maintenance costs based on 
experience. There are many 
methods for making a cost compa-
rison; Figure A-37 is oniy an 
exampie. Computer programs make 
the practical calcuiation work 
easier; in the Road and Waterways 
Districts there is an appiication 
for Oiivetti M 24 avaiiabie 
which speeds up the comparison 
of different structurai alterna-
tives. 
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Category of subgrade E Pavenient structure 4 
Initial 	bear.capac. 	E2=2OMN!n Target bearing capacity under the pavenient 	E2=15OMN/ni2 
1/700 
50 
150 11/550 
W 3132 
(320 	 ° 	0MB oeoI .k 
. 
° 
150LL°.1e?O] °° 
200 	 150 	J SU 	j 	150 }. 200 J 	SJ '.('/.$W../4&7 7/ 
COST COMPARISION OF STRUCTURES 
Pavenient Road width .!EfiJ1 Geotextile Filter - Subbasp Base - Cernent-treated Conparision cost 
structure m m3rtr mk m?rtr mk m3rtr nk m3rtr mk lm3rtr nk m2rtr mk rnk/jin 
70 176 2 111 _______________ 
80 196 272 126 _______________ £111700 02t 
90 216 302 _________________ ________ 
70 126 091 073 700 _______________ 
80 * tLl lOI 083 800 _______________ E/II/SSO 0.5 
90 . 111 093 9133 ______________ _______ 
70 835 132 073 7(32 ________________ 
E11111L50 030 80 935 1LJ 083 800 _______________ 
90 1035 ___________ 152 093 90) _______________ _______ 
70 - 16L 083 700 _______________ 
E/IV/5W 80 0.38 ___________ 164 - 093 60) _______________ 
90 204 103 900 ________________ 
IJNIT PRICES: 	Siope fili mk/m3 rir 
Cernent-treated 	(150 1 mk /m2 rir 
Geotextile 	• mk/m2rtr -.'- 
Filter mk/m3rtr Pavenient AB 
Subbase -,.- 
Base 
FIGURE A-37. An example of the 
cost comparision of different 
pavement structure alternatives 
A9 
NEED AND QUALIFICATIONS FOR THE 
USE OF CEMENT-TREATED PAVEMENTS 
IN FINLAND 
A 91 	NEED 
Cement-treated pavements are 
not much used in Finland. There 
are many reasons for this: 
- A comparatively good supply 
of first-rate unbound materiais 
- The amount of traffic has not 
required the use of bound 
base courses. 
- Lack of equipment, skill and 
experience to make cement-
treated pavements of good 
quality. 
- In the 1960s and 1970s we had 
bad experiences of the repair 
work of old gravel roads by 
stabilizing. 
- No technical and economical 
profitability comparisionS 
have been required. 
In the 1980s the load-bearing 
defiencies in our road network 
have become evident. The roads 
once built and improved have 
been damaged after having served 
their planning time and now 
they require structural repairs 
and increase of the load-bearing 
capacity. The improvement of the 
load-bearing capacity of the 
road network is one of the main 
points in the Road - 2000 pro-
gramme of the Road and Waterways 
AdministratiOfl. Every year 
approximately 1500 - 2000 km of 
road will be repaired and the 
improvement of the load-bearing 
capacity is an essential part 
of the work. 
A 
The expected increase of axle 
loads at the end of 1990 in-
creases the need for design of 
better load-bearing structures 
with a longer life period; this 
concerns both old and new roads. 
To achieve the required bearing 
capacity with unbound structural 
courses and with thin asphalt 
layers is in practice more and 
more difficult and expensive. 
Furthermore, an unbound structure 
does not offer a sufficiently 
good durability in heavy traffic. 
The fact that it is getting 
more and more difficuit to 
obtain ridge materiais and also 
the long transportation distances 
urge to find new solutions in 
many parts of the Country. For 
eConomical and environemental 
reasons the use of moraine and 
industrial wastes in road struc-
ture will be emphasized in the 
course of years. 
For ali these needs cement-
treated pavements offer a good 
and Competitive solution when 
used in a COrreCt manner. 
A 92 	QUALIFICATIONS 
As a road construction material 
Cement-treated pavements are a 
reliabie and durable solution 
for a routine use as weli in 
Finland as in other countries. 
The foilowing conditions must 
be stressed owing to the soil 
and Climate conditions: 
- good drainage 
- sufficient frost protection 
and transition wedges 
- frost resistance 
- a suffiCient asphalt thiCkness 
on Cement-treated layers 
- a suffiCient load-bearing 
capaCity of the base 
Other conditions for a good 
load-bearing capacity and a 
long life period are a profes-
sional design of Cement-treated 
layers and first-rate performance 
of the work. Although in prin-
ciple cement-treated pavements 
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can be buiit with usual road 
construction equipment and 
machinery, only special machinery 
and equipment guarantee a first-
rate quality and competitiveneSS. 
We have no machinery and equip-
ment for extensive use of cement-
treated pavements in Finland 
yet, but they are easily avail-
able abroad whenever needed. 
A 10 
FUTURE DEVELOPMENT 
Although the design and use of 
a cement treatment has aiready 
been standardized in most coun-
tries and although experiences 
of its durability and behaviour 
are generaily positive, there 
is stili a certain need for 
further studies: 
- As to base courses the cement-
treated base should have a 
minimum asphalt thickness on 
top of it. 
This sets new demands for 
aggregates, proportioning, 
the quaiity of work etc. 
- To be abie to control cracking 
and reflection CraCking further 
studies are required. 
- The E-modulus of cement-treated 
pavements has not been suffi-
ciently studied and this 
results in a great variety of 
design principles of the 
ioad-bearing capacity. 
- Need for recycling of materials 
leads to the fact that mate-
rials with unknown technical 
quaiifications are used as 
base material of cement-treated 
pavements, their appiication 
must be studied. 
- It is a world-wide demand 
that structural designs of 
roads must be technicaily and 
economically profitable. Thus 
the product and its qualifi-
cations must be thoroughiy 
understood. 
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- So far cement-treated pavements 
have been more used in stand-
ards than in the field. There 
is also competition in tradi-
tional sectors, asphalts as a 
base of concrete pavements 
are an example of this. This 
competition calls for further 
studies and development. 
The need for the improvement of 
the ioad-bearing capacity is so 
obvious on the Finnish roads, 
old and new, that it is very 
likely that also the use of 
cement-treatment will increase. 
Then also research and develop-
ment work must be active. We 
need investigations and experi-
ences at least of the foliowing 
points: 
- working inethods and equipment 
- field investigation methods 
of the quality control 
- the minimum thickness of an 
asphalt pavement 
- E-modulus both in the labora-
tory and field 
- load-bearing requirements of 
a cement-treated base 
- costs of different structural 
alternatives 
- the behaviour of different 
structurual alternatives 
- the use and durability of 
cement-treated pavements in 
the improvement of the ioad-
bearing capacity of old roads. 
In Figure A-38 some conceivabie 
structural aiternatives and 
research objects reiated to 
them are presented. Aithough 
according to chapter A 5 cement-
treated pavernents can be designed 
to any structural course, the 
main interest in Finland is 
aimed at the deveiopment of 
structural solutions in base 
and subbase courses. 
A ii 
SUNMARY 
Cement-treated pavements have 
been used for decades as a base 
of a concrete pavement and in 
structural courses of asphalt 
paved roads. The experiences 
have been positive. The course 
of deveiopment has been from 
lower to upper courses up till 
base courses of high-quaiity 
roads. At the same time the 
traditional picture of the 
requirements set on the compo-
nents and load-bearing capacity 
of cement-treated pavements has 
changed a lot. 
Earlier the stronger demands 
for the road structure were met 
with other solutions, for example 
asphait or lean-concrete instead 
of cement-treatment. Now cement-
treated pavements are developed 
to meet even the strongest 
demands. Thus cement-treatment 
will no doubt have a wide range 
of use ali over the world. The 
use of rcc can be seen as a 
benchmark of this development; 
the strong progress and good 
experienceS of rcc indicate this. 
This report is a briefing of 
the design and use of cement-
treated pavements based on both 
Finnish and foreign literature 
and on research journeys. 
Cement-treated pavements are 
known ali over the world. The 
design instructions and specif i-
cations differ depending on the 
aggregate and binder materiais 
used. The design practice is 
also influenced by the attitudes 
to the cracking of cement-treated 
pavements. The new cement-treated 
pavements are more and more 
often made of first-rate aggre-
gates to base courses and they 
are designed on the basis of 
bending tensile stress; the 
cracking is controlled and the 
refiection cracking is reduced 
with surface treatment or a 
geogrid. The mixed-in-plant 
A 
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OUESTIONS TO BE TNVESTIGATED: 
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FIGURE A-38. Cement—treated 
structure suggestions and needs 
for their further development 
- function of the interniecliate 
layer 
- the minirnuni thickness of the 
structure 
- sensitiveness to frost heave 
- the rninirnurn thickness of the 
s tructure 
- the niininium thickness on the 
structure 
- cost-effectiveness of cenient- 
treatnient 
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method has gained ground in base 
courses, instead the cement-
treated pavements on subbases 
are generally built by using 
the mix-in-place method. 
The amounts of cement-treated 
pavements vary greatly in dif-
ferent countries and they seem 
to depend also on the tradition 
of the road construction in 
this country. Many states in 
USA and in Europe, among other 
things England, France, Belgium 
and Switzerland have been staunch 
users. 
In Scandinavia the design of 
cement-treated pavements has 
foilowed the practice in Central 
Europe. The use for the improve-
ment of old gravel roads led to 
contradictory experiences and 
stopped its use at the end of 
the 1970's. In ali Scandinavia 
an investigation of the condition 
of old cement-treated pavements 
was made in 1978. 
In 1980's Norway has increased 
the use of bound base courses 
and in this connection also the 
use of cement-treated pavements 
has strongiy increased. A 
thorough study of the durabiiity 
of cement-treated pavements has 
also been made in Norway, /10/. 
A new handbook has been pub-
lished in Sweden and cement-
treated pavements have been 
actively marketed. So far, 
however, only test roads have 
been built on public roads. 
After the middie of the 1970's 
only some sporadic projects 
used cement-treated pavements 
in Finland (about 15 km/year). 
When the load-bearing defici-
encies of the road network were 
realized in the middle of the 
1980's, the interest in cement-
treated pavements has strongly 
increased. Thus in 1987 cement-
treated pavements were built 
about 50 road kilometers. 
To improve the load-bearing 
capacity of the roads with 
cement-treatment ali technicai 
qualifications exist also in 
the Finnish soil and climate 
conditions provided that uneven 
frost action is prevented with 
a sufficient frost protection. 
According to the experiences 
from abroad the reflection 
cracking will be at least a 
cosmetic problem when using 
thin asphalts and this may 
cause increasing maintenance 
costs. In the Finnish experiences 
the cracking has been regarded 
as a bearable inconvenience. 
The profitability of cement-
treated pavements as a structural 
alternative depends first of 
ali on the availability of aggre-
gates and on transportation 
distances. Generally it is 
provided that cement-treated 
pavements is proved competitive. 
However, to a greater and greater 
extent, cement-treated pavements 
are a firm part of certain 
standard structures of first-
rate roads and then comparisons 
by singie projects are not 
made. In Finland cement-treated 
pavements are rnentioned in the 
standards as a structural alter-
native, but in practice compa-
risons with cement-treated 
pavements are made only when 
there is some specific reason 
for them. 
Cement-treated pavements are 
under constant development and 
new experiences are received of 
its functions in different 
kinds of structures. Development 
work is active and there is a 
great international interest in 
the cement-treatment. Cement-
treated pavements wili have a 
good future. 
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B1 
GENERAL SURVEY 01! CONCRETE 
PAVEMENTS 
B 10 	INTRODUCTION 
The emphasis of the report lies 
on the special issues related to 
cement-treated and cement-con-
crete pavements (Chapters A, 
B2. . .35) . In this section of 
the report only a short general 
view of the qualifications and 
use of concrete pavements in 
different countries will be 
given; this gives us a starting 
point to be able to study the 
special issues. This survey is 
based on the views presented in 
connection with this investi-
gation work but it is by no 
rneans a compiete research. Many 
manuals are available which 
can help to deepen the general 
view /5, 22, 26/. 
B 11 	HISTORY OF CONCRETE 
PAVEMENTS 
Paving also city streets and 
roads with concrete started at 
the same time with the develop-
ment of new applications of 
modern concrete after the in-
vention of Portland cement (in 
1824) . It is known that separate 
concrete pavement projects were 
realized in many European coun-
tries and in the United States 
in the iast decades of the l9th 
century; this was still the age 
of the horse traffic. But a wider 
interest in concrete pavements 
was aroused only after the turn 
of the century when motor vehi-
des and air tyres were invented 
(1877) . That was the time when 
the roads were required to have 
a better load-bearing capacity 
than gravel and a greater even-
ness than a stone pavement. 
Correspondingly, the deveiopment 
of air traffic offered a suitable 
possibility to study the appli-
cability of concrete as a pave-
ment of airfields. 
The first concrete pavements were 
built by tamping by hand and 
without reinforcement and joints. 
From the early years of the 
20th century transverse joints 
were taken into use - first 
expansion joints then contraction 
joints. Also the reinforcement 
of slabs and the use of dowel 
bars became more general. The 
reinforcement contributed to 
longer slab lengths and now 
lengths of 15 m and even of 30 
m were used. At first the design 
of slabs was made by experience 
but in 1926 the so called Wester-
gaard's formulae was published 
and this formulae - even as 
modified -forms stili the basis 
of most design methods of con-
crete pavements. 
Also the working technique was 
developed: spreading and tamping 
by hand were compensated with 
mechanical tampers and pavers as 
early as in the 1920s; actual 
pavers equipped with vibrating 
screeds were taken into use in 
the beginning of the 1930s. 
Pavement constructiofl activities 
were moderate in Europe stiil 
in the 1910s and 1920s. In the 
United States, however, about 600 
million m 2 of concrete pavements 
were built as early as in 1925. 
After the universal depression 
cars and paved roads gained 
more and more ground also in 
Europe in the 1930s. In a decade 
the number of pavements was 
rnultiplied everywhere. Espe-
cially in Germany the progress 
was very strong at the time; by 
1942 almost 4000 km of four-
lane motorways were built in a 
period of ten years, 2500 km 
were under construction - and 
ali of them were paved with 
concrete /4/. 
About 60 km of concrete roads 
were built even in Finland by 
the end of the 1930s - mostly 
principal entry roads in Helsinki 
and Turku - and this amount has 
not been exceeded since then./26/ 
Great road construction projects 
were started ali over the devel-
oped world with the boom after 
the War at the end of the 1950s. 
Although concrete pavements had 
to give way to asphalt in these 
projects, also the number of 
concrete pavements increased 
strongly. At the same time the 
structure and technique of 
concrete pavements were con-
stantly developed. This improved 
the serviceability and durability 
and maintained the competitive-
ness also in circumstances 
where more prof itable bitumen 
was used. Concrete has estab-
lished its position as a pavement 
of most heavily trafficked main 
roads. 
The most significant amendxnent 
in the concrete pavement tech-
nique was the ut±lization of 
slip-form pavers in the beginning 
of the 1970s. This caused also 
changes in the structure of 
pavements, such as shortening 
of slabs, omission of expansion 
joints and slab reinforcement. 
The main road network of the 
developed countries was chiefly 
built by the 1980s; the main 
attention was paid to strength-
ening of old pavements in the 
circumstances where traffic was 
continuously growing. Wide road 
construction prograinmes are 
nowadays effected only in devel-
oping countries. 
Concrete pavements are one 
alternative to meet new chal-
lenges of heavy traffic and old 
pavements. Design instructions 
have been improved and manuals 
on maintenance and repair have 
been published. Also economical 
awareness has been better so that 
a comparison of prices can 
reliably be made in the design. 
To be exact the above does not 
concern Finland - nor the rest 
of Scandinavia for that matter. 
Here the pre-war tradition of 
concrete pavements was not so 
strong that it would have con-
tinued after the War. Paving 
was again started from a zero 
point. For economical and indus-
trial reasons bitumen pavements 
were chosen. In the 1960s old 
concrete pavements were replaced 
II 
with asphalt pavements after 25 
- 30 years of service, only a few 
concrete pavements were built and 
mainly as a test, see chapter B 
17. Lack of skill, equipment and 
instructions has hindered wider 
utilization of concrete pavements 
and application of the latest 
paving technology. Instructions 
for structural design have one-
sidedly concerned only flexible 
pavement structures; they have 
not guided to a wide use and 
comparison of different struc-
tural types. 
When solving problems caused by 
the increase of heavy traffic, 
abrasion and long-term durability 
a growing attention to concrete 
pavements is paid in the past 
few years also in countries where 
they are not traditionally 
used. This is the case also in 
Finland. 
B 12 	QUALIFICATIONS OF CON- 
CRETE PAVEMENTS 
A road pavement should be even 
and undeformed, it should have 
good friction qualities, a good 
abrasion resistance and as low 
a noise level as possible. The 
best pavement is not the one 
which has these qualities as 
new but the one which preserves 
them unchanged even in dernanding 
traffic and environmental con-
ditions. 
The following review studies how 
these requirements can be met 
with concrete pavements. 
1. the demand: an even pavement 
Pavement design is started with 
a presumption that a better 
longitudinal 	evenness 	(PSR 
/5,0) will be reached with a 
new concrete pavement than with 
an asphalt pavement (PSR 
a service level meas-
ured as evenness will then be 
longer preserved with concrete 
thaf with asphalt. /16/ Many 
working methods lead to the good 
initial evenness. Such are 
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automatic levelling in pavers or 
the fact that a concrete pavement 
is not to be compacted. However, 
a good evenness is very sensitive 
to working failures and thus a 
high craftsmanship and correct 
equipment are absolute require-
ments to achieve an even final 
result (see chapter B 15) . The 
fact that evenness is longer 
preserved on concrete pavements 
than on asphalt is based on the 
rigidness of concrete pavements 
and on their ability - to a 
certain extent - to level the 
unevenness formed on the road 
structure with the passage of 
time. The evenness can be threat-
ened by movements in the road 
structure (frost heave, settle-
ments) or by movements of slabs 
in relation to each other (fault-
ing) . For this reason the quali-
fications of a concrete pavement 
can fully be utilized only when 
the structural factors - frost 
protection, subgrade strengthen-
ing, drainage, erosion resist-
ance of the base - are in order. 
2. the demand: an undeformed 
pavement 
A concrete pavement does not 
change in shape in different 
temperature conditions; deform-
ation caused by heate waves are 
unknown. As to the load-bearing 
capacity a concrete pavement is 
more than just a pavement: it 
forms the main part of the 
whole road structure. Thus 
deformation cannot occur even due 
to a weak load-bearing capacity 
of lower courses as is sometimes 
the case with thin asphalt 
structures. 
3. the demand: good friction 
gualities 
Generally you can state that good 
and durable friction qualities 
can be obtained with concrete 
pavements. An even concrete 
surface would be siippery under 
rnotor traffic when wet; for 
that reason concrete pavements 
are regularly textured in con- 
nection with the construction 
work - generally by transverse 
brushing or grooving. In addi-
tion to the type of texturing 
also the grain size of aggregates 
and the stone type contribute 
to preserving the friction 
qualities. When using rough 
calcareous aggregates traffic 
may cause polishing of a pavement 
and then the friction qualities 
must be restored by transverse 
miuling or by surface treatment. 
Polishing is no probiem in the 
Finnish conditions, but here 
the studded tyre traffic wears 
away the transverse roughening 
grooves and thus changes the 
friction qualities of pavement. 
In friction measurements of 
worn-out pavements in Finland 
somewhat lower friction values 
have been measured for concrete 
roads than for asphalt pavements, 
/21/, although the friction 
values of both road types are 
sufficient - partly owing to 
studded tyres. 
The roughness (micro and macro 
roughness) of a concrete pavement 
plays an important part not only 
in friction qualities but also 
in the noise level of the pave-
ment. Growing requirements of the 
past years have led to wide 
research and development of the 
roughness probiem and this may 
mean changes in traditional 
points of view in the future. 
4. the demand: the lowest pos-
sible noise level 
According to a public view the 
noise level of both asphalt and 
concrete pavements is too high. 
A decrease in the noise level is 
claimed to be possible by means 
of pavement design. It is evi-
dent, that this kind of develop-
ment is taking place in pavements 
(open-textured asphalt concretes, 
porous concretes, adjustment of 
micro and macro roughness) . In 
practice concrete pavements are 
considered to cause more noise 
than asphalt at higher speeds 
/27/, although in noise level 
measurements the differences 
between asphalt and concrete 
pavements are barely noticeable. 
At lower speeds noise level 
differences are not experienced 
and cannot be measured./22/ 
Other qualifications 
a) A concrete pavement has a good 
light reflection capacity which 
improves safety in traffic and 
reduces lighting costs compared 
with darker asphalt pavements. 
b) The structural durability of 
concrete pavements is good also 
in demanding traffic conditions. 
Concrete pavement is very appro-
priate for heavy traffic condi-
tions and if a pavement slab is 
correctly designed it withstands 
an almost unlimited flow of 
design axles. 
However, being rigid a slab is 
sensitive to overloads; even a 
minor excess of a design load can 
break a slab and resuit in 
cracking. Even when a concrete 
pavement has cracked and worn 
out its load-bearing capacity 
may be good and the old pavement 
can be used as a base in the 
construction of a new pavement. 
c) The modern paving concrete 
is a durable material even in a 
severe climate. A reliable 
salt-scaling frost resistance 
of concrete can be obtained 
with a proper mix design and 
air entrainment and even heavy 
salting in winter maintenance 
does not endanger the dura-
bility of concrete according to 
Central European experiences. 
Heavy weathering of a concrete 
pavement (D-cracking, seechapter 
B 21) has been a probiem in some 
countries but the Finnish stone 
types are not sensitive to this 
phenomenon. 
B 13 	THE STRUCTURE OF 
CONCRETE PAVEMENTS 
B 131 Concrete pavement types 
Concrete pavements can be divided 
into the foliowing main types: 
a) Reinforced concrete pavement 
In this type of a pavement a 
steel mesh is embedded in lane-
sized slabs of 7-15 m at the 
depth of 5-7 cm. The mesh is 
placed either with supports 
before the casting or by vi-
brating it to the fresh mix in 
connection with the casting 
phase. The task of the steel 
mesh is to keep hair-cracks 
caused by temperature van-
ations as small as possible. 
Because slabs are relatively 
long, generally at least each 
third joint must be made as an 
expansion joint. Dowel bars are 
used in joints. A reinforced slab 
has been the basic type of a con-
crete pavement and it has been 
widely used. Inconvenient ex-
pansion joints, which also 
weaken dniving comfort, and 
corrosion of the reinforcement 
nets accelerated by salting have 
reduced its use. Instead, other 
types of concrete pavements 
have gained ground. 
b) Continuously reinforced 
concrete paveinents 
In this type of paving a longi-
tudinal continous reinforcement 
(0,5 -0,7 % of the transverse 
cross-section of the slab) is 
placed at the middle height of 
the slab and no transverse 
joints are made. The reinforce-
ment reduces the tensile stress 
on concrete. Transverse hair-
cracks can be freely formed on 
the slab (at distances of 1 - 2 
m) . Inspite of its thinner 
thickness (about 20 % thinner 
than other types) a continuously 
reinforced pavement is in most 
cases considerablymore expensive 
than other pavement types. 
Pavements built on a cornpressible 
base and white topping of old 
concrete pavements are proper 
objectives of this kind of 
pavement. Avoiding maintenance 
of joints is regarded as an ad-
vantage of this method, but 
corrosion of steel and worsening 
of random cracks with time can 
be considered a risk. 
A continuously re±nforced con-
crete pavement is the main type 
of a pavement in certain coun-
tries - for example in Beigium 
where the steel industry is 
strong. 
c) Prestressed concrete pavements 
In special cases it is possible 
to equip a pavement with a 
reinforcement which is pre-
stressed before the casting of 
the slab (no cables) or with 
cables after the casting. By 
prestressing it is possible to 
obtain slabs without jo±nts the 
length of wh±ch is tens of 
meters. These kinds of slabs 
are made for taxiways of bigger 
airfields or for aprons where 
point loads are exceptionally 
high. 
d) Jointed, unreinforced concrete 
pavements without dowel bars 
When slip-form pavers and short 
slabs equipped with contraction 
joints became general it was con-
sidered possible to abandon dowel 
bars in transverse joints. Load 
transfer from one slab to another 
is considered to take place by 
means of aggregate interlock in 
a sawn joint. Dowel bars are 
used only in longitudinal joints. 
Cement-treated or asphalt layers 
form the base. In certain coun-
tries, as in France, this type 
of a concrete pavement is almost 
solely used. Easy working methods 
and a more reasonable price are 
its advantages but faulting of 
joints is a risk in the long run. 
e) Jointed unreinforced concrete 
pavements equipped with 
dowel bars 
To ensure the load transfer dowel 
bars will be installed in a 
short-slab--pavement to be built 
with slip-form pavers. This 
type of a pavement has become 
more and more general and it is 
obviously the most suitable 
type in the Finnish conditions. 
Hence, later in this report 
concrete pavement refers to this 
kind of a pavement. 
f) Roller compacted concrete 
Damp (0-slump) concrete mix is 
spread and compacted in the 
sarne way as an asphalt pavement. 
It is important to the final 
resuit that both spreading and 
compacting machinery has a great 
compacting capacity. 
No reinforcement is used. Joints 
are sawn as is the practice in 
short-slab-pavements. As good a 
structural durability can be ob-
tained with rcc as with tra-
ditional concrete pavements. 
Rcc is the latest achievement in 
the concrete pavement technique. 
Its use as a pavement for city 
streets and industrial yards is 
becorning rnore and more general 
and tests with high speed roads 
are made in many countries 
/39/. 
g) Rigid composite pavements 
Rigid composite pavements covered 
with a thin asphalt layer (4 0-100 
min) can be mentioned as a special 
case. The concrete pavement type 
can be any of the above mentioned 
types. An asphalt layer built 
on the pavement usually reduces 
the thickness of a concrete slab. 
Part of the objects mentioned in 
Chapter 3 12 cannot be reached 
with this method but certain ad-
vantages are also gained: 
- less accurate working precision 
- shorter traffic interruptions 
during the reconstruction phase 
- less sensitive to depressions 
These kinds of structural alter-
natives are mentioned at least 
in the English, Spanish and 
Ontarian structural standards. 
B 132 The structure of pave-
ment slabs and joints 
A typical structure of an unrein-
forced concrete pavement is pre-
sented in Figure B1-1. Ali the 
joints are contraction joints 
where the movement of siabs is 
not more than 1 mm. Expansion 
joints are made only at firm 
structures like bridges. 
Dowei bars ensure that the 
position of slabs in relation 
to each other does not change. 
A deeper saw-cut in the joint 
will serve as a crack inducer. 
Sawing is undertaken as soon as 
possible after the casting 
phase thanks to which shrinkage 
cracking will be steered at the 
joints. To fili the joint another 
lower saw-cut is made in order 
to form a joint spacing of at 
least 10 mm. The use of hot 
sealing mixes makes the instal-
lation of a joint strip at the 
bottom of the spacing necessary 
to avoid penetration of the 
joint sealant deeper to the 
joint spacing. The joint sealant 
should stick hard to the walis 
of the joint spacing to prevent 
access of water to the joint in 
ali temperature and weather 
conditions. At the same time 
access of sand and other foreign 
materiais is prevented. A joint 
can also be left unfilled which 
makes the second saw-cut unneces-
sary. However, the use of filled 
joints is more general especially 
in so called cold countries 
where freezing of water and 
impure materiais causes spalling 
at joints. 
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Siabs used to be just as broad 
as the lane. In new pavements the 
outermost siabs often stretch 
0,2 - 1,0 m over the lane and 
are there connected to an asphalt 
or a concrete shoulder. 
The siab length of unreinforced 
pavements must not be more than 
25 times the slab thickness in 
order to keep the joint movements 
smali. In the exampie in Figure 
B1-1 the slab length is 5,0-
5,5 m and the joints are right-
angled against the centre line. 
New pavements are buiit also 
with skew joints (6/1 with 
regard to the centre line) and 
with random siab lengths (e.g. 
3,5 - 4,0 - 5,5 - 6,0). This 
kind of a structure ensures 
that heavy traffic cannot cause 
regular dynamic biows against 
the joints, which would damage 
them and reduce evenness. Skew 
joints have proved to be good 
which makes them popular on new 
pavements in many countries. 
However, the use of dowel bars 
in skew joints causes installing 
and designing problems and this 
design has not become general 
in cold countries. 
B 14 	DESIGN PRINCIPLES OF 
CONCRETE PAVEMENTS 
B 141 Design thickness of 
slabs 
The load-bearing capacity of a 
base is an important factor in 
the slab design, because slabs 
must be able to resist fiexural 
stresses in the pavement concrete 
caused by traffic and temperature 
variations. The main variabies 
in the thickness design are 
thus the amount of heavy traffic, 
the fiexural strength of concrete 
and the load-bearing capacity 
of the base. Also temperature 
stresses play an important part 
in the Finnish conditions. The 
thickness is also influenced by 
many other factors such as the 
use of dowel bars, the width of 
a slab or estimations of pavement 
abrasion. In the course of 
decades many calculation methods 
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to design concrete pavement 
slabs by the aid of these van-
abies have been developed and 
used. The first and best known 
of them is the method published 
by H M Westergaard in 1926; 
this method is as modified 
stili in use. Another widely-
spread method is the AASHO 
design method developed in the 
United States, the basis of which 
are the ernpinical observations 
and measurements obtained of road 
tests. A modified Westergaard 
method is used in Finland and it 
is explained arnong others in the 
design instructions of concrete 
pavements (Suomen Betoniyhdistys 
1987,124/). A design diagramme 
for a slab thickness according 
to these instructions is shown 
in Figure B1-2. The diagramme 
shows among others that an in-
crease in the load-bearing 
capacity of the base has only a 
minor influence on the slab 
thickness. Instead the flexural 
strength of concrete is an 
important vaniable in the thick-
ness design. 
The design diagramme and the 
calculation formulae of the 
AASHO method is shown in Figure 
B1-3. Also this method has been 
further developed and rnany 
states in USA and elsewhere 
have their own modifications of 
the AASHO method. 
B 142 Requireinents for con-
crete 
The traditional pavement concrete 
has been made of sand, crushed 
gravel (the max. grain size 40-
60 mm) and of Portland cement by 
proportioning them without 
additives into concrete of 
quality class 1<25 - 1<30. The 
use of reinforcement and the 
working methods (side forms, 
vibrating bars) have, on one 
hand, allowed and, on the other 
hand, demanded a high water-
cement ratio. 
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Load nurnber 
FIGURE B1-2. Design diagramme of 
concrete pavements; the slab 
thickness according to the 
design instructions /24/ 
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FIGtJRE B1-3. Thickness design of 
concrete pavements according to 
the AASHO method /34/ 
A decisive factor in the latest 
development of concrete pavements 
has been the development of 
concrete technology and the use 
of additives. The use of air 
entraining agents has been 
significant in meeting the 
requirements for salt-scaling 
frost resistance. The use of 
plasticizers and super-piasti-
cizers made the utilization of 
efficient and economical slip-
form pavers possible. Thanks to 
additives it has become possible 
to work with rnaterials that are 
richer-in-aggregate and also 
dryer than before and this has 
improved the fiexural strength 
of concrete. 
Pure Portland cement is stiil 
most generally used as a binder, 
but the positive effects of 
flyash and blastfurnace slag on 
strength development and worka-
bility have been demonstrated 
in many investigations and 
their use together with cement 
is becoming general. In the 
Finnish concrete for pavements 
cement and blastfurnace slag 
are used approximately in equal 
proportion. 
There are stili two kinds of 
attitudes to the use of flyash 
and slags in road concrete, 
there are pros and cons. In 
Finland it is not allowed to 
use flyash. The doubts are 
directed at the long-term salt-
scaling frost resistance. 
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Aggregate development has pro-
gressed to the extent that more 
attention is paid to the dura-
bility and wear resistance of 
rough aggregates. The use of 
crushed rock as a rough aggregate 
is becoming more general, which 
improves the load-transfer in 
joints. The great maximum size 
of grains is still typical but 
its significance is apparently 
decreasing as the quality of 
concrete is further raised. 
The most evident characteristic 
of road concrete is as good a 
flexural strength as possible 
according to Chapter 3 141. It 
is generally considered that 
compressive strength and flexural 
strength are in direct relation 
to each other. This relation is 
unexceptionally good with road 
concrete - the flexural strength 
can be as much as 15 % of the 
compressive strength - because 
road concrete is a material 
rich-in aggregate and its water-
cement ratio is small. According 
to the Finnish requirements the 
value of fiexural strength 
should be at least 5 MN/rn 2 , 
which is relatively easily 
attainable. 
A strength level of K50.. .K60 (91 
days, strength) is the require-
ment for the compressive strength 
in Finland; this level may be 
raised to about K70. 
The wear resistance of concrete 
sets special demands on the 
Finnish concrete for pavements. 
These demands and the mix of 
modern concrete will be handled 
more in detail in Chapter B 
331. The required qualifications 
for a Finnish concrete pavement 
are shown in Figure B1-4. 
BINDER: 	Normally hardening Portland cement P40/28, 
(no fly ash) and fresh, powdered granulated 
blast-furnace slag (grading degree ab. 350 
m2 /kg) . The proportioning is defined with 
advance tests. 
AGGREGATE: A frost-resistant, rigid, compact aggregate 
which meets the demands of ciass 1 accord-
ing to the grading instructions of aggre-
gates and those of class A according to 
the specifications of pavement works 
(shape index according to the demand of 
class II) . Properties to be investigated 
with advance tests. 
ADDITIVES: Compatibility of entraining agents and 
plasticizers is to be shown with advance 
tests which are carried out with constitu-
ents used in the actual work. 
CONCRETE: - fiexural strength 7,0 MN/ 2 
- compressive strength 55 MN/m2 
- change in volume in the salt-scaling 
frost resistance test 3 % after 50 
freezing-thawing cycles 
- good wear resistance 
- air content 2-4 % 
- water/binder ratio 0,37-0,42 
- binder amount < 350 kg/m 3 
- maximum grain size of the aggregate 32 mm 
- percent passing of the sieve of 8 mm 
about 35 % 
- gap grading of the aggregate (no grains 
of 4-8 mm) 
- at least 50 % of the rough aggregates (> 
8 mm) crushed 
- amount of fines (< 0,25 mm) in the mix 
450 kg/m3 
FIGURE B1-4. Main Road 4, Main 
Road 8 Kempele-Kiviniemi, Oulu, 
Kempele (1990). Demands for 
concrete /29/ 
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B 143 Requirements for the 
base 
A general assumption has been 
that a concrete pavement is 
independant of the base quality. 
As far as the load-bearing 
capacity is concerned the con-
crete pavement forms the entire 
road structure and thus the 
base quality or the load-bearing 
capacity has no essential meaning 
in the thickness design. On the 
other hand, the base quality 
plays a significant role as 
regards the long-term durability, 
which fact is increasingly 
emphasized in the design. The 
significance of the base to 
concrete pavements is emphasized 
by at least the foliowing views: 
- A slab of uniform thickness 
does not sufficiently even 
out the load-bearing differ-
ences of the subgrade: in the 
long run the load-bearing 
differences cause cracking 
and deformation on the slab, 
unless they are evened out by 
lower layers. 
- A blameless behaviour of 
joints in unreinforced concrete 
pavements (especially if 
dowel bars are not used) 
requires good durability of 
the base. 
- Erosion and bad drainage of 
the base have been the main 
reasons for a reduced service 
level of old concrete-paved 
roads especially in the United 
States. 
- Good compaction, a good load-
bearing capacity and evenness 
of the working base are essen-
tial for slip-form pavers, 
otherwise a blameless evenness 
of a pavement cannot be 
reached. 
Thus strict demands are set on 
a concrete-paved base: 
1) A sufficient load-bearing 
capacity. A minimum demand is 
placed on the load-bearing 
capacity. The load-bearing 
capacity of E2 = 120. . .125 
on the subbase course is 
required in Finland and Germany. 
2) A good erosion resistance. The 
heavier the traffic and the 
greater the rainfali the higher 
the erosion resistance of the 
base must be. 
3) Good drainage. Ram 	and 
melting waters should be steered 
away from the structure as soon 
as possible. Joints and bases 
should not be water saturated 
in any circumstances. 
4) A uniform base quality. It is 
important for the support of slab 
edges and joints that the base 
is of uniform quality. Also slip-
form pavers require compactness 
and uniform quality of the base 
surface. The base should not 
absorb moisture 	irregularly 
from a fresh pavement. For the 
sake of equal quality a uniform 
sub-base course is required as 
a base in Finland, although it 
would not be necessary for the 
load-bearing capacity. 
5) Evenness of the surface. In 
the slip-form method unevenness 
of the base reduces evenness of 
the final surface. Especially 
the evenness of wheel tracks of 
the paver is important. 
These requirements can be met in 
many different ways. In principle 
there are three different struc-
tural alternatives: an unbound 
base, a base bound with cement 
or a base bound with bitumen. 
The applicability and advantages 
of these alternatives are dealt 
with in Figure B1-5. Generally 
it can be stated that binding 
of a base is becoming more 
popular and that an asphalt 
base is favoured when the surface 
slab requirements are high. 
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Base quality Structural 
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FIGURE B1-5. Structural alter-
natives of concrete pavements 
The foliowing traffic flow values 
for binding a base are defined 
in Central Europe/35/ (severe 
climate, a pavement equipped 
with dowel bars): 
Heavy traffic 	Base quality 
of a slow lane 
trucks/24 hours 
	
o - 750 	unbound 
750 - 2000 soil-cement 
2000 	5000 	lean-concrete 
or asphalt 
These values are only a recommen-
dation; the structure of the base 
must be solved case by case. Also 
bad experiences of cement-treated 
and asphalt bases in cold regions 
have been received in the United 
States. Open unbound material 
as a base, efficient drainage 
with subsurface draines and an 
abundant pavement thickness are 
recommended there. 
B 144 Structural examples 
Standard cross-sectioflS of a new 
Finnish (Figure B1-6) and of a 
typicalGerman (FigureBl-7) con-
crete road are presented as 
examples of the concrete pavement 
design. The most significant 
differences are the concrete 
pavement on the shoulder in the 
German and the thick frost 
protection in the Finnish solu-
tion. 
Boschunq unbefestgter 1 SIndstteifen cufle,tr 	Eaflrslreiten 
® 
- 8 
nnerer 	Fcflr Sttetefl 	 MiitelStreiten 
0 
Oktan schdzpIanke 
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14000 
22 
22 cm Concrete pavement 1 
	 Irti' LEL 	Siope fiil 
12 cm Cement-treated base 
	 17 cm Shoulder fili 0-64 
PAVEMENT STRUCTURE TOTALLY 132 cm 	20 cm Subbase 0- 
	 5 cm Asphalt pavement 
(high embankrnent) 	 48 cm F 
FIGURE B1-6. Main Road 4, Main 
Road 8 Keinpele-Kiviniemi, stand-
ard cross-section 
Kronenbreite 29.00 m 
Untergrund 	 1 1 1 Fahrbahnbefestigung 
HI® 
cm 	Fahebahndecl.e 00$ Beton 
5,0 ° 	hydnaolisch gebndCfl0 Trag$ChichI 
L................ 23.0 c rn 	11 Frosschaloscl'icht z. 9 Kiessand} 
60,0cm 	Oesamtdicke des frostsicheren Obe'baues 
FIGURE B1-7. A typical cross-
section of a concrete road in 
Germany /4/ 
B 15 	CONSTRUCTION 0)! CON- 	B 152 Construction methods 
CRETE PAVEMENTS 
B 1521 The fixed-form method 
B 151 Construction require-
ments 
Good evenness and long durability 
are expected of the concrete 
pavement. Typical of the rigid 
pavement is that a successful 
construction work is of vital 
importance; afterwards it is 
difficult or even impossible to 
restore a service level lost 
due to a working failure. 
Investigations on old concrete 
pavements reveal that most (60-
70%) of the pavement damage 
results from working failures. 
This shows that building a 
conrete pavement is both a 
demanding and difficult job. In 
addition to proper rnachinery 
and equipment also high profes-
sional skill is demanded for a 
succesful final resuit. The 
entire 	construction 	process 
with every detail must aim at 
the same goal - an even and 
durable pavement. 
Typical features of the fixed-
form method are side forms and 
rails, on which the maahinery 
of the different working phases 
moves, Figure B1-8. Several, 
simple machines and equipment 
are used for spreading, com-
pacting and finishing concrete, 
installing dowel bars, forming 
joints and curing the surface. 
The method is the basis of the 
concrete pavement construction 
and it was developed as early 
as in the 1920s. The advantages 
of the fixed-form method are a 
good quality level and suita-
bility for construction of 
different kinds of pavements. 
The method is especially well-
suited for construction of 
reinforced pavements. 
The disadvantages of the method 
are many working phases as well 
as a high price. This method is 
stili used in most countries 
which build concrete pavementS 
although the slip-form method 
has gained more and more ground 
since the beginning of the 1970s. 
FIGURE B1-8. Concrete pavement 
under construction using the 
fixed-form method /14/ 
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B 1522 The slip-form method 
In the slip-form method a pave-
ment is laid with a multi-func-
tion machine 	(Figure B1-9) 
which moves on own wheels or 
catepillar wheels. 	No side 
forms are used. Separate equip-
ment is needed only for curing 
and texturing the surface and 
forming the joints. The method 
is most suitable for construction 
of 	unreinforced 	pavements; 
installation of dowel bars can 
also be made by means of a 
paver. A good capacity, fiexi-
bility in different working 
conditions and economy are 
regarded as advantages of the 
method. The slip-form method is 
a modern and popular method in 
concrete construction. A greater 
risk for uneven surfaces can be 
regarded as a disadvantage. 
Special attention must be paid 
to the construction work. 
The working phases essentially 
affecting the final quality are 
studied in the foliowing. 
B 153 The 	most 	important 
working phases 
B 1531 Production and hauling 
of the mix, Figure Bi-
10 
The material should be mixed as 
near the site as possibie in 
order to keep the hauling dis-
tances of the mix short and to 
avoid drying and segregation of 
the mix. The capacity of a 
mixing plant must be so great 
that a paver has a continuous 
availability of material. In a 
two-lane pavement construction 
this generally means a mixing 
capacity of 120.. .150 m 3 /h. 
Due to the requirement for equal 
quality only forced-action batch 
mixers are acceptable. When the 
mix is transported in open 
trucks the load must be protected 
from drying. 
The quality of the mix must be 
followed with tests made during 
the spreading phase and by the 
eye. Unsuitable concrete must 
be removed before spreading if 
possible. 
B 1532 Spreading of the mix, 
Figure Bi-li 
A paver should be operated at a 
slow (1-2 m/min) constant speed 
without stops. The screw should 
in front of the machine must be 
fuli of mix ali the time. An 
even spread of the mix at the 
total width of the machine is 
ensured except by the screw 
auger itself also by a smoother 
moving in front of the auger 
(in the foreground in the middie 
inFigureBi-li) . Steeringmecha-
nisms and sensor circuits at 
both sides of the equipment 
control the level of the beam and 
the direction of the equipment, 
Figure B1-12. If a laser beam 
acts as a sensor no steering 
wires are needed. 
Spreading of the mix can also be 
made in two layers with two 
consecutive machines. To counter-
balance the higher spreading 
costs the foliowing advantages 
are achieved: 
- the base mix can more cheaply 
be spread e.g. with an asphalt 
paver 
- a firmer aggregate can be 
chosen for the surface layer 
- the needed dowel bars and rein-
forcement can be installed on top 
of the base mix 
- the requirements for evenness 
can more easily be met with 
thinner surface mix 
3' 
1. Rollerwheels and operating 
niechani sni 
2-3.Electronical steering of 
level and direction 
4. Auger 
5. Vibrating rods 
6. Installation device of 
tiebars 
7. Finishing beam 
8. Longitudinal finisher 
9. Guiding piates 
0. Levelling beam 
h 
JL 
8 0 b 
FIGURE B1-9. Structure of a 
slip—form paver 
212 FIGURE Bi—lO. Working phases: 
production and hauling of the 
- 	mix 
rr 	- 	
- - 
- 
jI 
FIGURE Bi-il. Working phases: 
laying the mix (2-layer pave-
inent) 
FIGURE B1-12. Working phases: 
level adjustment with steering 
wires 
B 1533 Placing ot dowel bars 
The dowel bars of an unreinforced 
pavement can be placed before-
hand by means of supports. The 
supports must be firmly attached 
to the ground in order to prevent 
the direction or position of the 
dowel bars from changing in 
connection with the casting 
phase. Because of the moving 
risk a new method has been 
developed. There a device at-
tached to a slip-form paver 
automatically places (Figure 
B1-13) the dowel bars to the 
fresh mix. A finishing beam in 
a paver compacts and smoothens 
the surface also at the dowel 
bars. The automatic placing of 
dowel bars is very common al-
though it is forbidden for the 
present for example in England, 
because there are stili some 
doubts as to the placing preci-
sion as well as to the compact-
ness and frost resistance of 
concrete just upon the dowels. 
II 
FIGURE 31-13. Working phases: 
placing of dowel bars with 
automatic placing device 
B 1534 Finishing 
Due to the vibration caused by 
a paver there can be some minor 
unevenness on the surface which 
weakens the driving comfort. This 
unevenness is removed by means 
of a longitudinal finisher of 
3-4 m (Figure 31-14) which 
finishes the evenness with 
longitudinal movements. Also 
skew finishing beams overlapping 
the slab can be used. 
B 1535 Texturing 
Immediately after the paving 
procedure the surface is textured 
to improve the friction quali-
ties. The most general working 
method is transverse brushing 
with a steel bursh (Figure Bi-
15) . There are also other tex-
turing methods as grooving 
(pressing transverse grooves 
with a roller wheel), longitudi-
nal steel brushing and surface 
dressings. Exposion of the 
aggregate surface by removing the 
cement grout on the pavement 
surface could be a suitable 
method in the Finnish conditions. 
This is undertaken by spreading 
sugar liquor or other retarder 
preventing the cement from 
hardening on the surface. On 
the following day the cement 
grout can be removed by brushing 
and then the normal curing can 
be undertaken. The method is 
used in many countries; due to 
the studded tyre traffic it is 
especially suitable in Finland. 
B 1536 Curing of the surface 
Evaporation of water frorn the 
pavement mix has to be prevented. 
General methods are application 
of water or of plastic films. 
Special curing agents which are 
sprayed on the surface immedia-
tely after the texturing process 
(Figure B1-16) are widely used 
in road pavements. 
i1 - '- 
n 
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FIGURE B1-14. Finishing the 
evenness with a longitudinal 
finisher 
: 4 
FIGURE B1-16. Working phases: 
spraying curing agents 
B 1537 Sawing and filling of 
joints 
In connection with the casting 
slab edges are marked to show the 
places of dowel bars. Transverse 
joints are sawn exactly at the 
middle of the dowel bars; this 
must happen as soon as the 
hardening pavement endures the 
sawing without breaking. The 
correct sawing moment is 5-15 
hours after the casting depending 
among others on the weather, 
mix quality and pavement thick-
ness. The sawing equipment must 
be sufficiently efficient (Figure 
B1-17) so that sawing can keep 
pace with paving. If sawing is 
undertaken too late, the shrink-
age cracking of pavements occurs 
wildly somewhere else than at the 
joints and then the joints won't 
function in the planned manner. 
A joint groove can be resized 
later by another sawing (see 
Figure B1-1), a joint strip is 
installed in a joint spacing 
(Figure B1-18) and the joint is 
filled with hot bitumen (Figure 
B1-19) . When using silicone or 
other two-component joint seal-
ants a better water resistance 
of joints can be expected but 
the price is considerably higher 
than that of hot bitumen mixes. 
B 154 The most common working 
failures and their 
consequences 
Figure B1-20 shows a summary of 
the most common working failures 
and their consequences in the 
construction of concrete pave-
ments. These working failures 
have such a fatal effect on the 
evenness and durability of a 
pavement that everything possible 
has to be done to prevent them. 
A skilled working group familiar 
with the work and equipment and 
an up-to-date labour management 
are in the key position. 
1 
- 	 - 
FIGURE B1-17. Working phases: 
sawing transverse joints 
- - 	T- 
FIGURE B1-18. Working phases: 	FIGURE B1-19. Working phases: 
installation of a sealing strip sealing a joint groove with 
hot-poured sealant 
Working failure Consequences on the pavement 
- the mix too dry open spots, need for patching 
- the mix too damp edges break down 
- too srnall mixing paver keeps stopping, unhomoge- 
capacity neousness, 	unevenness 
- uneven or soft base unevenness 
- an inaccurate in- cracking, 	spalling at joints 
stallation of dowel 
bars 
- lack of longitudi- 'hitting' 	unevenness on the entire 
nal finisher pavement 
- inadequate brushing siippery when wet as new 
- too little curing chazing on the surface, the 
agent strength and salt-scaling frost 
resistance remain low 
- a delayed sawing wild cracking, 	joints do not 
function 
- dust or dirt in joint sealant does not stick to 
joint grooves the joint walis, 	the joint is not 
waterproof 
FIGURE B1-20. The most common 
working failures and their 
consequences in the construc-
tion of concrete paveiuents 
B 16 	COSTS PND COMPETITIVE- 
NESS OF CONCRETE PAVE-
MENTS 
B 161 Constniction costs 
Due to the fact that only a few 
concrete pavements have been 
built in Finland no current 
market price can be given. A 
rough price estimation and a 
cost structure of unreinforced 
concrete pavements made on the 
basis of several publications 
can be seen in Figure Bl-21 
/21, 23/. The cost structure of 
asphalt pavements is similar. The 
share of binders is about one 
third of the total costs for both 
types of pavements. The price per 
ton of concrete and asphalt pave-
ment - and thus the price per m2 
 for equally thick pavements - is 
almost the same in Finland; 
abroad the price per ton of 
asphalt is calculated to be 
somewhat higher with the present 
price relations of binders. 
The pavement price per m2 
 naturally dependant on the 
thickness, also many project 
and local aspects affect the 
price. A comparision of prices 
per m2 of concrete and asphalt 
pavements is justified only 
when costs of corresponding 
structures are compared. In 
Finland and in many other 
countries asphalt structures 
have been built in many phases 
and thus concrete structures 
appear to be clearly more ex-
pensive due to greater initial 
investments. When comparing same 
material amounts or corresponding 
structures (the final situation) 
cost differences are small. An 
example of this is shown in 
Figure B1-22 with the prices 
quoted in 1985 in Colorado USA 
/17/, where the competition 
between concrete and asphalt 
pavements seems to be purest. The 
pavements concerned are unrein-
forced slabs without dowel bars 
and with skew joints. 
PRICE OF THE CONCRETE 
PAVEMENT: 
(size range year 1988) 
250 mk/t 
130 mk/m2 
6,0 mk/m2/cm 
(a ready pavement per 
one ton of mix) 
(thickness 22 cm) 
(price for the change 
in thickness) 
FIRM COSTS 
- 35 % 
	
Gapital 
costs '--15 
Maintenance and 
repair costs of 
equipment -10 % 
Other firni 
osts 1 
Cement 
'-35 % 
MATERIALS 
- 50 % 
(md. transportation 
of materiais) 
Wo r k 
«-15 % 
WORK -15 % 
(incL hauling 
the mix) 
Aggrega 
\ -12 % 
Dowel bars, curing agents, 
energy -3 % 
FIGURE B1-21. Price and cost 
composition of concrete pavements 
in Finland /22,23,29/ 
B 162 Life-cycle costs 
The high initial costs of con-
crete pavements will be compen-
sated by the foliowing advan-
tages: a longer and more reliable 
service life and smaller main-
tenance costs. This general 
statement can be proved as 
figures by comparing long-term 
costs of structure and pavement 
alternatives. The comparison is 
made by estimating, except con-
struction costs, also maintenance 
and repair costs of the alterna-
tives in the course of a certain 
observation time. Ali the costs 
incurred during the service 
life of the pavement will be 
discounted at their present 
value. Thus also an average 
annual cost for each alter-
native under observation can be 
defined; together with the total 
costs this cost is suitable for 
a characteristic when comparing 
the alternatives. A principle 
for a comparision of long-term 
costs has been presented in 
Figure Bi-23. Figures B1-24 and 
B1-25 give exampies of the 
applicability of the investment 
calculaton. The method is recog-
nized and more and more in-
creasingly used in the study of 
pavement strategies. Its relia-
bility is dependent on how good 
experience and knowledge is 
available of the service iife and 
costs of different rehabilitation 
measures. Furthermore, the 
comparision is influenced also 
by many factors at discretion 
such as the length of the obser-
vation period, the amount of 
the terminal value in different 
alternatives and the interest 
rate used. Due to these un-
certainty factors investment 
calculations - as ali forecasts 
- must be used as good instru-
ments for decision-making without 
ietting them have too definite 
a role in the final decision. 
STRUCTURAL EQIJIVALENCE: SN 	= 	cj 	x 	d 1 
SN = structural 	nurnber 
= layer thicknesses 
in 	inches 
Cj 	= 	structural 	equivalence 
of the layer 
c 	= 0,40 for asphalt 
= 0,30 for 	bi tunieri 	gravel 
= 	0,12 for crushed gravel 
= 	0,50 for concrete 
STRUCTURES AND COMPARISON PRICES: 
PROJECT Structural Structural Offered Decision 
No. alternatives nuniber price 
offered ______________ ____________________ __________________________ 
US$/sy (nik/ni 2 ) 
A. a) 
74U concrete 3,75 13,17 (68,52) Concrete was chosen; 
(5600 ni2 ) b) 8" asphalt 3,20 total 	costs 	
least 
expens 1 ve 
c)  5" asphalt + 3,20 12,68 (66,00) 
10" crushed 
gravel 
B. a) 7" concrete 3,50 17,00 (88,45) Asphalt 	
(c) 	was 	chosen; 
(7600 nt2 ) b) 8" asphalt 3,40 13,95 (72,60) 
concrete would have 
c) 4" asphalt + 3,04 11,25 (58,55) beconie 	18 % niore 
12" crushed expensive 
gravel 
C. a) 7" concrete 3,50 12,55 (65,30) 
Concrete was chosen; 
(36400 ni2 ) b) 8" asphalt 3,20 13,20 (68,70) is 	4 % less 
	expensive 
c) 4" asphalt + 2,98 12,75 (66,35) 
than the foliowing 
11" crushed 
gravel 
0. a) 6F' concrete 3,25 15,83 (82,40) 
Concrete was chosen; 
(11200 ni 2 ) b) 8" asphaft 3,20 14,72 (76,60) 
although 	it was 	12 % 
c)  4" asphalt + 2,56 12,16 (63,30) niore expensive 
8" crushed 
gravel 
j 
FIGURE 131-22. Comparision princi-
pies and prices in Colorado in 
1985 /17/ 
31 
R0 	 R1 
costs (reconstruction) 
(mk) 
A Al A2 n 	fl II 
0 	- time (year) T 
( observation 
period) 
- construction costs Ro are eatlmated 
- maintenance, rehabilitation and reconstruction times 
are estimated as well as the coats of these measures 
- A, R1 
- the terminal value (3) of the studied structure Is 
eatimated at the obaervation period (T) 
- the present values of ali the measures are calculated 
using the formula A - a x A, 	a = (1 + p/100)t 
p 	intereat % 
t a the year the measures 
were completed 
- the present value of the costs 13 calculated 
n 
X 	Ro + A'n + R'l - J' 
- THE AVERAGE ANNUAL COST ts calcula€ed 
V b x X 	b annuity coefficient 
p/100 
1 - (1 + p/lOO)t 
- the calcuiation is performed with several maintenance 
atrategies of the pavement structure and the least 
expensive alternative regarding annual costa ts aelected 
NOTES: 
- the observation period T should he ao seiected that 
the reconstructton of ali aiternatives can be included; 
when the concrete pavement is lncluded in the compari-
aion, T ja usually selected between 20.. .40 years 
- the terminal value is the value of the pavement on the 
basis of the remaining service life and its value in 
the reconstruction (as crushed aggregates, as a base) 
- traffic inconveniences caused by the measures can be 
included by adding vehlcle and time costs to the cost 
estimate. This ts generally done only wlth great traffic 
fiows (ADT > 40000) 
- the level generally used in public investments should 
be chosen as an interost level. Also other tnterest 
percents are used. 
A higher Intereat level favoura construction by phaaes. 
- infiation la lgnored 
- the values for coefficients a and b can be found In 
tabies 
FIGURE B1-23. Performance of 
investment calculations 
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Alt 	4 
_______ 
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•1 
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Alt 5 
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00000n/nr.0 	(11 	15.0 cm 
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Alt 7 	11660 	3.5cm 
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________ AO 	5.0 cm 
1 	86 11.0cm 
Berg 	60,0cm 
HABO 
______ 
_______ (0 150cm 
Berg 51.0 cm 
FIGURE B1-24. Cost comparision 
of Enköping-B1sta structural 
alternatives (Vägverket, 
Sweden 1986) /27/ 
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0, 1. C.ry 	Ldj.k,.kl 
1 
Main road 1, CE?IETERY - LADJAJ(OSXI 	 (00.. 2 	2 1. AAT 
INVESTMENT CALCULATION 30000.. 30000 	.hjc1.) 
____________________________________________________ ?r1i.1,..ry of . 
CONCRETE PAVEMENT ALTEENATIVE 	 ASPMALT PAVDENT ALTERNATIV 
v. Measure Cost dlsc.int present value 
t 
v. Maasure Cost disc.int present valu 
5% - 5% 
1989) 	0 Constr. of concret 	13.500.000 13.500.000 0 Ab 20/120+levell. 	16/25 3.160.000 3.160.000 
1 paveeent (20 cm 	dowel bars) 1 
2 2 thtn overlay 	 1.350.000 0,9070 1.224.000 
3 3 
4 Joirit repairs, 	(partly) 	90.000 0,8227 74.000 4 thin overlay 	 1.350.000 0,8227 1.110.000 
5 5 
6 6 JÄb 20/120-I-jevejl. 	16/253.160.000 
7 7 )protective concrete 	220.000 0,7462 2.634.000 
Lof bridges +attachment 	150.000 
8 Muun6 + joint repairs 	2.200.000 0,6768 1.488.000 8 thin overlay 	 1.350.000 0,6768 914.000 
9 9 
10 10 thin overlay 	 1.350.000 0,6139 829.000 
2000) 	11 11 
12 Joint repairs, (partly) 	90.000 0,5568 50.000 12 thin overlay 	 3.160.000 0,5568 1.759.000 
13 13 
14 14 thin overlay 	 1.350.000 0,5051 682.000 
15 15 
1€ rcrooving + casting(partly) 	2.900.000 0,4570 1.325.000 16 thin overlay 	 1.350.000 0,4570 617.000 
17 .Joint repairs 17 
18 18 fAb 20/120+1.evell. 	16/253.160.000 0,4190 1.387.000 
19 19 attachjnent 	 150.000 
20 forooving + casting(partly) 	700.000 0,3769 264.000 20 thin overlay 1.350.000 0.3769 509.000 
2010) 	21 (Joint repairs 21 
22 22 thin overlay 	 1.350.000 0,3490 471.000 
23 23 
24 ________ ___ __ ___ ______ ___ 
Terininal value 16.701.000 Terminal value 15.296.000 
50 Z of the original 6.750.000 0,3190 - 2.153.000 50 Z of the valoa 	a 2.300.000 0,3190 734.000 
investeent __________ 14.548.000 of addit. asphalt _________ _______ 14.562.000 
Va 	x 0,0741 	1.078.000 	- 	 Va 	x 0,0741 	1.079.000 
COMPARISI0N COST: 
the present value 	CONCRETE PAVEMT 	14.548.000 oc 
of the interest ASP}IALT PAVEMT 	- 	 14.562.000 mrc 
ofSZ 	 L. 
FIGtJRE B1-25. A Finnish example 
about the performance of 
life-cycle cost comparisions 
/28/ 
B 163 Competitiveness 	of 
concrete pavement 
Only in a few countries concrete 
and asphalt pavements actually 
compete on the basis of the con-
struction costs according to 
Chapter B 161. In addition to 
the midwest states in USA also 
Germany and England decide the 
pavement type principally on 
the basis of contract offers. 
It is more common that a decision 
on the pavement type is made 
either by technical or econo-
mical comparisions (Figure B1-24) 
or by acquiring a political 
decision for design alternatives. 
Criteria of choice have been 
unitized in many countries. 
Traffic flow limits, for example, 
are such criteria; The most 
heavily trafficked roads are 
designed as concrete paved 
roads, with smaller traffic fiows 
costs are compared per each 
project (Austria, Spain) . Also 
a high functional class of a 
road or a high design speed can 
be technical grounds for choosing 
a concrete pavement. A longer 
service life (2-3-fold) of the 
concrete pavement is generally 
taken into account in economical 
calculations. Life-cycle cost 
calculations contribute to 
improving the competitiveness 
of concrete pavement. In Spain 
durability is emphasized by 
aliowing a 1,2-times higher 
price for a concrete pavement 
in initial cost comparisions. 
In certain countries regulatory 
quotas for different pavement 
types have been given: e.g. in 
certain states in USA 20 % 
asphalt, 20 % concrete, the 
rest is decided in a price 
competition; in Switzerland a 
target of 50/50-ratio was pursued 
in the construction of the main 
road network (realized 25/75) 
a concrete pavement share of 20 
% of the new motorways has been 
-92- 
the target in England. . It is 
also very cornmon that iocai or 
industrial politics play an 
important role in these eiec-
tions. Also the construction 
tradition seems to guide the 
preference of different pavement 
types in many countries. 
A strict price competition is 
typical ali over the world where 
both pavement types are in use; 
development and marketing of both 
asphalt and concrete pavements 
are strong. As to concrete 
pavements the most efficient 
weapon in the competition is 
not so much the low price as 
the technical superiority, high 
quality level and the long 
service life. 
After the oil crisis a thorough 
study of the technical and 
economical competitiveness of 
concrete pavement was made in 
1980 in the Finnish publication 
Betonipäällysteen teknillisistä 
ja taloudellisista käyttöedelly-
tyksistä Suomessa' (Survey on 
the Technical and Economical 
Prerequisites of Concrete Pave-
ment) by Anssi Lampinen, VTT, 
Road and Traffic Laboratory. /22/ 
B 17 	CONCRETE PAVEMENTS IN 
DIFFERENT COIJNTRIES 
B 171 Concrete paveinents in 
Finland 
Totally 360.000 m2 of concrete 
pavements were buiit in Finland 
in 1926 - 1939./26/ They were 
mainly situated on the entry 
roads in Helsinki and Turku. 
After the War about 160.000 m 2 
 of concrete-paved roads have 
been built in Finland, Figure 
B1-26. 130.000 m 2 of airfield 
pavements was built before the 
War and approximately 170.000 
after the War. Actual con-
crete-paved runways for airfields 
have not been buiit in Finland; 
concrete is mainly used on 
aprons and at runway ends. 
Although only a few concrete 
pavements have been built after 
the War, the aim has been to 
follow the rapid progress in 
their design and construction. 
The latest pavements are very 
suitable for our conditions, 
they are modernly designed with 
a good structural durability, 
Figure B1-27. Owing to the lack 
of equipment and craftsmanship 
THE MOST SIGNIFICANT ength Width Thickness Joint Scrength oE Constr. 
CONCRETE PROJECTS IN FINLANO (m) (m) (cm) space concrete year 
_______________________________ - ________ (') 1960 	1970 	19B0 
YLIKYLÄ-PARAINEN 
- 
12600 2x3,50 18 15 1(32 1958 74 25 v ASF. 
hlghway 	180, Kaarina, 	Paralne 1959 
KEHÄ 720 2x3.75 20 5 1(30-50 1971 
14 v _______ 
highway 50. Vantaa 
V ___SF. 
PALOJXRVI-OLKXALA 1100 2x3.75 20 5 1(40 1973 
Hain road 2, 	Vihti 
KALKKITIE 1943 2x3,66 20 5 1(40 1981 R 
Street. 	Farainen 18 4,5 1982 
RAN1EMI-(IVA 2050 2x4,25 20 5 1(40 1983 
Mr II 45, 	Pirkkala 
VILLÄNDE-NASTOLA 2450 2x4,25 22 5 1(60 1984 
Mr 	12. 	Nastola 
KEMPELE-KIVINIEMI 4040 2x4,5O 22 5 1(55 1990 R 
Mr 4, Mc 8. Oulu, Kempele 
FIGURE B1-26. Concrete pave-
ments in Finland (summary of 
the postwar pavements) /25/ 
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ali the projects except for the 
road Ylikylä - Parainen have 
failed as to evenness; (an 
unevenness figure of 230-290 
cm/km measured by a bump integ-
rator when the requirement 
wouid be <160 cm/km) . In the 
construction of joints there 
are also severe defects. 
The structure of post-war con-
crete pavernents and experiences 
of them have been presented in 
detaii in Figure B1-27. Also 
the structural data of the 4-
km-long concrete pavement to be 
built near Oulu (Kempele- 
Kiviniemi) in 1990 are attached 
to the figure. 
The temporary specifications of 
the Finnish Concrete Association 
(BY 18/1981) and the draft for 
design instructions from 1987 
have been available for the 
design. The latest avaiiable 
data have been collected in the 
project specifications, iast in 
the specifications of the Kempele 
- Kiviniemi road from 1987./29/ 
In addition to the above men-
tioned concrete pavements test 
pavements of rcc (totally about 
40.000 m 2 ) primarily for the city 
street network have lately been 
buiit in Finland. The use of 
rcc mainly as a road and city 
street pavement wili no doubt 
increase also in Finland. The 
problems of evenness and of other 
working techniques have so far 
prevented its wider use as a road 
pavement. However, rcc is already 
well known as a durable pavement 
of industrial yards and of other 
heavily loaded fields. 
B 172 Concrete pavements in 
Scandinavia 
1. Sweden 
About 600.000 m2 of concrete 
pavements have been built in 
Sweden before the War and about 
1.300.000 m 2 after the War./27/ 
The two iatest projects - E6 
Vellinge - Malmö 1972, E4 Väla-
Hyllinge 1978 - have been com- 
.4 
pleted unreinforced and without 
dowel bars with slip-form pavers. 
Almost ali the Swedish concrete 
pavements are situated in the 
most southern part of the country 
in Maimöhuslän. Except for the 
two above mentioned projects ali 
concrete pavements have been 
paved with asphalt after their 
service level has decreased 
owing to siab damage and depres-
sion (see also Chapter B 283 
and Figure B2-49) . The rehabi-
litation problerns of old pave-
ments have caused certain re-
iuctance to design new concrete 
pavements. On the other hand, 
development has closely been 
followed: concrete pavement is 
inciuded in cost comparisons 
per project (e.g. Figure Bi-
24), test pavements are being 
buiit (e.g. Stockholm 1988) and 
design specifications (draft) 
have been pubiished /30/. 
2. Deninark 
Most pre-war concrete pavements 
in Scandinavia have been built 
in Denmark, totally about 2 
million m2 . The corresponding 
post-war figure is about 800.000 
m2 . /20/ The post-war pavements 
are mainly on motorway sections 
around Copenhagen. The latest 
concrete pavement (7,1 km) is 
on a motorway in Faister from 
1984. At the end of the 1960s 
almost 40 km of concrete motorway 
sections were built; in this con-
nection big slip-form pavers and 
movable concrete plants were ac-
quired. These pavements were, 
however, a disappointment -
they were soon damaged and 
rebuilt with asphalt under the 
age of about 10 years. The 
damage was mainly D-cracking 
and polishing. The reason was 
confirrned to be the poor aggre-
gate quality. In the 1970s only 
one test road of 4 km was built 
and this has served blamelessly. 
Also the pavement on the motorway 
built in 1984 functioris irre-
proachably although some longi-
tudinal cracking has occurred 
due to the compaction of the 
road structure. 
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The latest design specifications 
have been published in Denmark 
in 1983. /38/ Comparisions of 
concrete pavements are made 
only for heavily trafficked 
motorways in the prevailing price 
relations. 
3. Norway 
Sporadic concrete pavements were 
built in the surroundigs of Oslo 
in Norway before the War. After 
the War several concrete roads 
were built in Southern Norway as 
early as in the 1950s./21/ 
Especially in the county of 
Vestfoid the road authorities 
used concrete as a pavement for 
the improved sections of the 
E18 Main Road. The latest E18 
sections have been paved with 
concrete in 1979 (5 km) and in 
1986 (6 km) . About 20 km of 
concrete pavements have been 
built in Norway during the iast 
twenty years. They are usually 
rather short and narrow 2-lane 
road sections. The use of con-
crete pavements also in tunneis 
and bridges is typicai of Norway. 
Concrete has also been used on 
airfields and thus there are 
several modern slip-form pavers 
for different types of conrete 
pavements in the Country. 
Design specifiCations for Cori-
crete pavements are inCluded in 
the offiCial design standards and 
interest in further development 
has been constant, aithough there 
are only oCcasionai projects. In 
Connection with the latest 
pavement project (E18 Klinestad-
Tassebekk in 1986) a signifiCant 
research projeCt to improve the 
wear resistanCe of ConCrete 
pavements was reaiized ifl CO-
operation with the different 
partners (see Chapter E 633) 
Great interest in the use of 
rcc as a tunnel and road pavement 
has been shown in Norway. 
B 173 Concrete pavements in 
other parts of Europe 
ConCrete pavements have been used 
alrnost ali over Europe since the 
1920s. Amounts and proportions 
have varied in different coun-
tries but - except for Portugal, 
Greece, Italy and Turkey-
concrete pavements have had and 
stiil have a strong foothold in 
the construction of high-quality 
motorway network ali over Centrai 
and Southern Europe. Of the 
Eastern-European countries at 
ieast German DemoCratic Republic 
and Czechoslovakia have used 
concrete pavements and taken 
part in their development. Co-
operation and exChange of experi-
ences between different Countries 
are very lively although the 
design practiCe differs according 
to the local Conditions. A 
fresh example of the design co-
operation is the preparation of 
the design standards of the 
TEM-projeCt by order of UN. The 
TEM-projeCt is a motorway project 
extending from Poland to Greece 
(Trans-European North-South 
Motorway Project) for which 
design specifications have been 
made out as an international 
co-operation. In connection 
with the project also the iatest 
knowledge of the design and 
selection criteria of concrete 
pavements has been collected /35, 
36/. In this context the European 
design practice won't be handled 
but the aim is to give a view of 
the general situation in those 
countries (Beigium, France, 
Spain, Germany, Austria, Switzer-
land, England) where information 
has been available. 
1. Beigium 
Beigium has the strongest and 
most variable tradition of 
concrete pavements in Europe. 
There are concrete pavements of 
different ages in ali road and 
city street categories, totally 
over 21.000 km (21 % of the 
entire road and street network) 
The share of concrete pavements 
on motorways is 35 % (550 km), 
on other main roads about 15 % 
and on the municipal city street 
and road network 20 - 25 %. The 
latest types of pavement built 
on motorways are continuously 
reinforced pavements, unrein-
forced slabs are most commonly 
used on other roads. Oider con-
crete pavements are of many 
different types and severai 
different solutions must be 
used in their repair. Thanks to 
its reduced thickness a contin-
uousiy reinforced pavement is 
less expensive in construction 
costs than a thicker unreinforced 
slab in a Belgian cost compa-
rison. In a comparison of capi-
talized maintenance costs the 
costs of an unreinforced con-
crete slab are three times and 
those of asphalt six times the 
costs of continuously reinforced 
pavements. These unexceptional 
cost relations - and the great 
share of concrete pavements-
are due to the strong position 
of the steel and cement industry 
in the Country. 
2. France 
FranCe was one of the first 
countries to adopt the slip-
form method and the unreinforCed 
Concrete pavements without 
dowel bars at the end of the 
1960s. About 500 km of concrete 
paved motorways were built on 
the most heavily loaded main 
road network - the allowed axie 
weight being 13 t at the present. 
With time faulting of slabs and 
inCreasing cracking oCcurred. The 
experienCes have led to struc-
tural experiments and development 
both in rehabilitation of old 
and in construction of new 
roads. On the basis of the 
French experiences the capita-
lized life-cycle costs of both 
pavement types are of the same 
size Class. Today concrete is 
chosen due to the traffic flow 
or just to maintain competition. 
The share of Concrete pavements 
of the entire road network is 
very small (about 1 %) which is 
due to the competition situation 
but also to a great extent to 
the faCt that asphalt paved 
cement-treated structures are 
common and they are considered 
good and profitable structures-
./22, 27/ 
3. Spain 
The use of concrete pavements 
was very limited in Spain till 
the end of the l960s. About 400 
km of Concrete-paved motorways 
(20 % of the motorways at the 
time) were built with slip-form 
pavers in the 1970s. ExperienCes 
of them have been good. Thus a 
new and extensive motorway 
programme (new motorways from 
Madrid to different directioflS 
to the coast) started in the 
mid-1980s wiil be mainly carried 
out as ConCrete pavements. Five 
big slip-form pavers have been 
aCquired in 1986-87 and they 
work with the motorway programme 
at a speed of about 100 km a 
year. Totally about 2000 km of 
ConCrete pavements will be 
built in Spain by the beginning 
of the l990s. A great part of 
them will be 4-lane motorways. 
The use of rcc has long tradi-
tions in Spain. Thus rcc alterna-
tives are included in the pave-
ment struCture standards, on 
inferior roads as such, conCrete 
on the top, but on motorways 
paved with asphalt (an asphalt 
layer of 8 Cm) . Also some new 
motorways are built with this 
rcc structure. /27/. 
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4. Gennany 
About 63 million m 2 of concrete 
pavements were built in Germany 
before the Second World War. 
About 85 million m2 of concrete 
pavements have been built in 
Germany after the War. 
Concrete pavements have been 
concentrated on motorways; 
almost all motorways (about 
2.500 km) built before 1960 
were paved with concrete, the 
share has been about 30 % in 
later projects. The choice of a 
pavement is made as a contract 
competition in the paving phase 
and directly on the basis of 
prices. The material situation 
(availability of 'Rhein gravel') 
and local political issues 
effect on the fact that the use 
of concrete pavements varies 
much in different states (e.g. 
In Bayern 85%) . Concrete pave-
ments are constantly built by 
several contractors in Germany. 
Experiences of design and con-
struction are good and the 
concrete roads are of high 
quality. Only slip-form technique 
is used. Pavements are equipped 
with dowel bars, they are unre-
inforced and short slabs are 
used./22, 27, 4) 
5. Austria 
A motorway network of 1.200 km 
has been built in Austria during 
the last 25 years. 85 % of these 
roads have been built as concrete 
pavements. The use of lightly-
reinforced two-layer-pavements 
built with the fixed-forrn tech-
nique has been typical till the 
end of the 1970s. Later the use 
of asphalt spreaders in the 
construction of lower concrete 
layers and the use of slip-
form pavers in the construction 
of even and compact surface 
layers have become general. 
Dowel bars are used in joints, 
but sawing is made narrow and 
no joint fili is used. The 
Austrian motorways are famous 
for their evenness and good 
condition. The studded tyre 
abrasion has been a problem in 
Austria (see Chapter B 282) but 
the probiem is diminishing as a 
result of the fact that studded 
tyres are going out of use. 
/22, 27/ 
6. Switzerland 
There are 350 km of concrete 
paved motorways in Switzerland 
or about 25 % of the main road 
network in the country. Totally 
about 5 million m2 of concrete 
pavements have been built after 
the War. The main pavement type 
on main roads has been lightly-
reinforced two-layer pavements, 
now the best type is considered 
to be the unreinforced one-
layer solution. As in Austria 
also the Swiss concrete pavements 
are famous for their high qual-
ity. Corrosion of reinforcernent 
bars and joint damage have 
aroused interest in maintenance 
questions now that the road 
network won't expand any more. 
/22, 27/ 
Swizerland has had a prominent 
position in developing the 
European model of modern concrete 
pavement and the working tech-
nique during the past decades. 
7. England 
England has one of the oldest 
concrete pavement traditions in 
Europe. Concrete pavements have 
been built mostly on motorways 
in connection with the post-war 
road construction. About 320 km 
of 4-lane concrete- paved motor-
ways (unreinforced, short slabs 
equipped with dowel bars) have 
been built in the 1970s. This 
corresponded to a share of 15-
25 % of the new pavements in 
different years /37/. Construc-
tion of concrete pavements has 
been active also in the 1980s and 
the pavement type is decided 
directly on the basis of contract 
offers. There are about 530 km 
of concrete pavements on main 
roads; this means about 5,5 % 
of the main road network. 
3! 
The development work has been 
lively in England and the road 
standards have been kept up-to--
date aiso as to concrete pave-
ments /31/. The contribution in 
the international co-operation 
is significant. 
B 174 Concrete pavements in 
the United States and 
Canada 
Concrete pavements have been 
buiit nearly in ali states 
since the turn of the century. 
In 1925 there were about 50.000 
km of concrete pavements or 30 
% of the total pavement length 
at that time. In 1985 there were 
225.000 km of concrete pave-
ments or 6,5 % of the total 
pavement iength. About 50 % of 
the Interstate-highways - about 
70.000 km built since 1975 - is 
paved with concrete, the share 
of concrete on the other main 
road network is about 15 %. The 
Interstate-network extends to 
ali states and transfers about 
21 % of the total traffic flow. 
Thus with the Interstate network 
concrete pavements becarrte famil-
iar aiso in those states where 
they were not built before. The 
use of concrete has been most 
common in California, Texas, 
Ohio and Pennsylvania. Concrete 
pavements are widely used also 
in such 'cold' states as in 
Minnesota, Wisconsin, Michigan 
and New York. /1, 2, 9, 10, 12/ 
After the great years of con-
struction the pavement lengths 
won't increase any more and 
thus the attention is paid to 
development of maintenance 
projects and of repaving tech-
niques (see Chapter B 281) 
There are about 600 km of con-
crete pavements (about 2 % of 
the paved road network) in 
Quebec. 100 km of them have 
been buiit after 1970. The 
latest in 1984. The unevenness 
of the iatest pavements and the 
decreasing service level of old 
pavements have caused a crisis 
of confidence between the public 
and the authorities. A committee, 
which has studied the matter, 
recommends in its report (1987) 
/8/ that construction of concrete 
pavements should be given up in 
Quebec for the time being, 
unless a certain minimum conti-
nuity can be secured to guarantee 
that the craftsmanship is re-
tained. 
There are about 1.000 km of 
concrete pavements in Ontario. 
They were purposefully built 
since the beginning of the 
1950s during 20 years. After 
that construction of concrete 
pavements has been little mainly 
for three reasons: main road pro-
jects are decreasing, the price 
relation is unprofitable (con-
crete pavement 30 % more expen-
sive) and a new mixed structure 
was developed: composite pave-
ment with concrete base. This 
structure has been used in the 
most heavily trafficked motorway 
sections in the surroundigs of 
Toronto. Ari extensive test road 
section (15 km) was built in 1982 
to study concrete slabs and 
pavement structure /33/. The 
results of this test will guide 
the design of the future pro-
jects. By means of test projects 
own specifications for different 
repair and rehabilitiation 
works have been developed in 
the 1980s. 
There are about 900 km of con-
crete-paved roads in Manitoba-
the western neighbour of Ontario 
- the climate conditions of 
which are more severe than in 
Finland. /11/ Main part of the 
roads are from the i960s and 
1970s, but new pavements have 
also been built annually in the 
1980s. Also here the main atten-
tion has been paid to repaving 
and rehabilitation. The concrete 
network is estimated to remain 
in the present extension also 
in the future. 
.. 
B 18 	SU11MARY 
In this section of the report 
bits and pieces of the history, 
qualifications, structures and 
extension and competitiveness 
of concrete pavement have been 
presented. The intention has 
been to give a general picture 
of concrete pavements emphasizing 
such views which can be con-
sidered of interest from the 
Finnish point of view. 
The history of concrete pavements 
is long and its use has spread 
ali over the world. Technically 
concrete pavements have been 
under constant development 50 
that they can offer the best 
service level for both speedy 
and heavy traffic. Economicaily 
concrete pavements are often 
more expensive than other alter-
natives, but this concerns only 
construction costs; in the annual 
costs of their service life they 
are mostiy an equaliy or even 
less expensive aiternative. 
Concrete pavements really have 
ali the technical and economical 
conditions to be investigated 
as an equai alternative when 
pavement decisions are being 
made. 
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B2 
REPAIR AND REHABILITATION OF 
CONCRETE PAVEMENTS 
B 20 	INTRODUCTION 
A good load-bearing capacity and 
evenness, a long service life 
and a small need for mainte-
nance are often regarded as 
characteristics of concrete 
pavements. Concrete pavements 
of the first generations have 
been allowed to age in many 
countries without paying any 
attention to their maintenance. 
'Build and forget it' was said 
to be a motto in the United 
States. And it is true that 
concrete pavements came up to 
the expectations - but only for 
a time. However, at the end of 
their design life or when ap-
proaching their equivalent axle 
load limit damage began to appear 
on pavements for different 
reasons: faults in joints, 
cracking, spalling, surface 
rutting, unevenness etc. The 
naked truth is that at the end 
also concrete pavements will be 
worn out by heavy traffic to-
gether with temperature and 
moisture variations. This has 
become increasingly obvious since 
the early years of the 1970s; 
there is a growing number of old 
and deteriorated concrete pave-
ments in many countries and 
something has to be done to 
them. Reconstruction of all 
aging concrete pavements is 
economically an exceedingly 
heavy task and thus new means to 
extend the life of pavements are 
sought ail over the world. 
Because the repair and rehabi-
litation techniques have not 
been under control, the life of 
concrete pavements has often 
been extended by patching and 
repaving with asphalt. The 
inconvenience of concrete pave-
ment rehabilitation has resulted 
in reluctance to build new 
concrete pavements. 
The 1980s has been the time for 
strong research and development 
activities to find new and more 
applicable repair and rehabi-
litation methods of concrete 
pavements and, also, to improve 
their long-term durability. The 
research work and the testing 
of methods are stiil going on 
in different parts of the world, 
but we aiready know that tech-
niques can be found for repair 
and rehabilitation and that 
skilled design, construction 
and preventive rehabilitation 
are in a keyposition as to the 
long-term durability of pave-
ments. 
The fact that repair of concrete 
pavements is considered incon-
venient is one of the reasons 
for their little use also in 
Finland. The traffic stress in 
Finland is smaller than generally 
in countries where concrete 
pavements are built but corres-
pondingly the climate stress is 
greater in many ways. The studded 
tyre wear is also a significant 
threat to the durability of pave-
ments in Finland. Thus it is very 
important that the uncertainty 
factors of the repair and reha-
bilitation of concrete pavements 
are investigated before wider 
application of cp in the Finnish 
conditions. 
In this section of the report the 
emphasis lies on typical concrete 
pavement damage, their causes and 
repairing methods, on the appli-
cability of rehabilitation 
methods in different circum-
stances and on the study of 
reconstruction of concrete 
pavements. This survey is based 
on foreign experiences and 
literature. Applicable solutions 
for the repair of a typical 
Finnish damage, rutting, are 
especially looked for. 
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B 21 	CONCRETE PAVEMENT DEFECTS 
AND THEIR CAUSES 
Stresses occurring in pavement 
slabs are caused by the foliowing 
factors: 
- traffic factors 
- a dynamic constant 
traffic load 
- unexceptional overioads 
- traffic management 
- maintenance equipment 
and measures, e.g. 
saiting 
- environmental factors 
- temperature varia- 
tions (frost, heat) 
- moisture variations 
(wet/dry) 
- frost-susceptibiiity 
of the subgrade 
- settlement of the 
subgrade 
Although concrete pavements are 
designed according to the pre-
vailing traffic and environmental 
conditions to endure ali the 
above stresses, damage will 
gradually arise on the pavement. 
Also working and material fail-
ures will resuit in defects 
either immediately after the con-
struction work or in the course 
of time when the pavement is 
aging. The damage types of 
concrete pavements can be divided 
into the foliowing groups: 1) 
surface damage, 2) joint damage 
and 3) constructional damage. 
The typical defects of jointed 
concrete pavements are presented 
in Figures 1, 2 and 3.71/ There 
are no joints in continuously 
reinforced pavements so that 
the description of the damage 
would also be somewhat different. 
Because continuousiy reinforced 
pavements are not buiit in 
Finland, only defects of jointed 
siabs will be dealt with here. 
Ali the failure types presented 
do not occur in the Finnish 
conditions because defects 
typical of different countries 
concentrate on certain groups 
depending on materiais, traffic 
and environmental conditions. 
Aiso possibie reasons for damage 
are described in Figures 1 - 3. 
Before taking repair actions 
the probable causes for damage 
should be found out. Only this 
way correct repair and reha-
bilitation methods can be se-
lected and a long service time 
achieved for a pavement. 
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Type of defect Description of defect Possible causes Daniage caused 
irregularity of irregularities on the - defective work - decrease in the 
the surface surface, which can be perfonnance sevice level 
proved by measuranents - warping of s labs 
or observed by the eye 
inadequate road surface siippery - polishing aggregate - danger for driving 
skidding re- - inadequate or no 
sistance surface texture 
(not in Finland - dirt, cenent paste 
due to studded etc. in the surface 
tyres) 
inadeguate road surface wet or it - drainage systen - splashing of water 
drainage is xx-iding long after choked up - danger for aqua- 
the ram - insufficient planing 
gradient 
- ruts 
n.its nits at wheel paths - studded tyre traffic - danger for aqua- 
due to abrasion of planing 
concrete - danger for driving 
out of road 
chazing, pias- thin hair cracks on - inadequate curing - no effect on the 
tic shrinkage the slab surface - use of salt service level 
cracking - if not repaired 
leads to scaling 
scaling gradual weathering of - bad salt-scaling - reduction of the 
the surface; looseninc frost resistance riding caTlfort 
of cenent grout and - abundarit use of salt - gathers water, which 
then of rough aggre- accelerates scaling 
_______________ gates ______________________ when freezirig 
peeling loosening of the thin - too thin a layer - loosening pieces 
repair layer of cnent - bad lxndage are dangerous 
grout as large pieces - wrong mix proportion - decrease in the 
of the caiient grout regularity 
pDp-outs, pot often round ravellings - unhanogeneous mix - sharp holes 
holes of different sizes - bad frost resistance - small ones do not 
otherwise on a health - reactions in the mix require repair 
slab; are revealed - corrosion of the actions, greater 
soon after the con- dowel bars in the ones must k 	at once 
struction slab (if there are repaired 
_____________ ___________________ dowel bars) __________________ 
FIGURE B2-1 a. Surface damage 
types of concrete pavements and 
causes for them 
	pop-outs 	 -- - - - 
scoling 
FIGURE B2-1 b. The most conimon 
surface defects of concrete 
pavements 
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FIGURE B2-1. c. Surface scaling 
caused by the action of frost 
and de-icing salts 
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1\jpe of defect Description of defect Possible causes Damage caused 
leaking joirit lack of adhesion bet- - bad joint sealant - the water in the 
ween the seal and the - old sealant joirit will strain 
sides of the sealing - incorrect sealing the slab in the 
groove; access of sur- groove dimensions course of time 
face water to the (note! freezing, 
joint punping) 
overflowing or overfilled sealing - too much or too - irregularity, joints 
scant joints groove or the groove little joint sealant are 'hitting' 
is not sufficiently - bad quality of the - untidi-ness 
filled sealant - ingress of incan- 
- incorrect sealing pressible material 
groove dinnsions into a scant joint 
hich may break the 
joint_edges _____________ 
spalling 
_____________________ 
the slab spalls at the 
____________________ 
- weakness of the slab - loosening pieceS 
transverse or longi- edges, fine-grained often result in 
tudinal joint; mix ii-i the surface, ari irrrnediate need 
pieces of concrete too deep a trans- for repairs 
will loosen frcrn the verse brushing at 
uer edges of the the joint 
slab - incorrect instal- 
lation or locking 
of dowel bars 
- stones or incczires- 
sible material in 
____________ ____________________ the_joint _____________________ 
cracking the slab cracks in the - stones or incc*npres- - danger for breaking 
vicinity of joints sible material iri of the slab 
the joint - maintenace may he 
- incorrect instal- increased 
lation of dowel bars 
FIGURE B2-2 a. Joint defects of 
concrete pavements and causes 
for them 
FIGURE B2-2 b. The most common 
joint defects of concrete pave-
ments 
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FIGURE B2-2 c. Mild cracking in 
a leaking joint 
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Type of defect Description of defect Possible causes Darnage caused 
transverse a direct or skew crack - short-dimensioned - no direct darnage 
cracking extending fran one thickness to traffic 
slab edge to another - excessively long - decrease in the 
slabs load-transfering 
- late sawing of joint capacity in the 
grooves course of time 
- fatigue of the siab 
- bad guality of con- 
crete 
longitudinal in direction of the - excessively wide - may cause detri- 
cracking medial joint, ectends slabs mental d!fferences 
to several slabs - excessively low in grading or the 
joints joint may open 
- incorrect location 
of the medial joint 
as to driving lines 
- settlenent of the 
road edge 
- frost action of the 
road 
corner cracks a crack extending frcin - overload iri the - corner cracks dete- 
the transverse joint corner riorate easily; 
to the rnedial joint or - defective joint seal danger for spalling 
to the slab edge - erosion in the base 
third stage the slab badly cracked - an overloaded, worn- - the entire pavrnt 
cracking diagonally, no ad- out slab to be renewed 
hesion between slab - inadequate load- irrinediately 
parts bearing capacity of 
the base 
faulting, the slab on the dri- - frost action - driving cczrLfort 
steing ving side setties and - the base sensitive diminishes, "hit- 
this causes burrtps to erosion tirig" pavnent 
- lack of dowel bars - the slab will be dam- 
ag&1 also otherwise 
mping overflowing of water - the base sensitive - cracking and step- 
and soil material fran to erosion ping of the pave- 
transverse joints - inadequate drainage ment 
under a heavy vehicle - inadequate load- 
bearing capacity of 
the base 
slab rocking vertical slab movnent - same causes as in - leads to steing 
under a heavy vehicle the purrping 
D-cracking a series of advancing - weathering caused b - cancer of concrete 
hair cracks in the reactions of aggre- which hopeiessly 
vicinity of the joints gates and cernent anc destroys the slab 
and comers accelerated by wateL 
and freezing (not 
in Finnish aggre- 
__________________ ______________________ tes) ________________________ 
blow-up destruction of trans- - concentration of the - takes place sudden- 
verse joints when the canpressive stress ly and stops the 
slab j.s raised at - incorrect structure traffic 
joints of the expansion - requires replacanent 
joint of at least two 
slabs 
settlenent, detrimental longitudi- - frost action or - decreases driving 
bump mal or transverse settlenent of the canfort 
grading base - the slab cracks 
FIGURE B2-3 a. Structural defects 
of concrete pavements and causes 
for them 
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,y\transver_ 
- longitudinal / 
,_blow-uP crack 
corner crack 
FIGURE B2-3 b. Most common 
structural defects of 
concrete pavements 
FIGURE B2-3 c. A cracking con-
crete pavement 
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B 22 	DP14AGE EVALUATION 
Concrete pavement defects should 
be repeatedly evaluated for many 
important reasons: 
1) to follow up the condi- 
tion and damage process 
of the pavement, 
2) to design instant or 
annual repairs, 
3) to anticipate extensive 
rehabiliation projects 
and to design rehabili-
taton actions, 
4) to acquire rnaterial for 
development of design, 
repair and rehabili-
tation methods thanks 
to repeated evaluation 
of ali concrete pave-
ments. 
Damage evaluation is based on 
observations by the eye and on 
measurements. The pavement is 
studied slab by slab and the re-
sults are written down on a form 
like the one shown in Figure 
32-4. The evaluation is repeated 
annually or periodicaliy. The 
damage type is stated, its 
extension is measured and the 
cause and severity are estimated. 
The extension of damage is 
measured with a measuring tape, 
deflections of a slab e.g. with 
a Benkeiman-beam and the evenness 
with an evenness indicator. 
Precise instructions for damage 
evaluation have been pusbiished 
in most countries /9, 12/, 
including e.g. instructions of 
measuring methods, severity 
definitions or even drawing 
marks. 
B 23 	REPAIR AND REHABILI- 
TATION METHODS 
Repair of concrete pavernent 
damage has generally been neg-
iected everywhere, although 
there have been instructions 
for the most common failures 
e.g. for spaliing, joint damage 
and scaling as long as concrete 
pavements have been built. 
Among others, the amount of 
handwork and the slowness of 
repair works have resulted in 
this negiection. Due to this 
negiection of repair works no 
development of craftsmanship 
and methods took piace. Only in 
the 1970s - when demands for a 
better service level and the 
amount of pavements in need for 
rehabilitation increased-
deveiopment of repairing methods 
to an up-to-date level started. 
Thus detaiied instructions on 
repair of different kinds of 
defects have been published in 
most countries by the mid-1980s 
/1, 2, 3, 4, 8, 10, 11/. The 
methods have been tested in 
practice and also an increasing 
amount of experience of the 
durability of the repairs is 
now avaiiabie. Because conditions 
vary in different countries, de-
tailed specifications have to be 
drawn up in each country on the 
basis of their own field tests. 
The most comrnon repairing methods 
extracted from certain foreign 
manuais are described as a basis 
for Finnish deveiopment and 
testing activities in this 
context. 
B 231 Repair of joints 
When joint sealant has ioosened 
from concrete so that access of 
water into the joint is possible 
or when there is too much or 
too little joint sealant, the 
joint must be repaired (Figures 
B2 - 5) . The repair is best 
carried out in spring or in 
autumn when the weather ±5 warm 
and dry. 
B2 
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Road. Iroad section mt 333, Repo-Rahikka 
Spacin g 	km 42 / 325-340 
Date 	16.6.1988 
Time ap. 
Temperature 	180C (after ram) - 
Traffic fTow 	9700 (ADT -87) 
Spaci ng/ 
slab nuni 
222 
	
crack (h) 	
50ctransv.crackft 
	
322 
700 
spalling (m) 
danger for 
blow-up 
.
pop-out 
22n, 
depth 12 
(v) 
spaJling (m) 
800x70 	300x100 
1200 
223 
	crack (h 
200 x 350 
- corner crask(v) 
323 
22L 
Di recti on 
of traffic 
longitudinal crack 
3300(h) 
32 14 
Direction of 
traff 1 c 
h 	harmless r = relatively severe s 	severe 
FIGURE B2-4. An exanp1e form to 
perform damage evaluation 
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The working stages are: 
- removal of joint sealant and 
the sealing strip 
- cleaning of the joint spacing 
by sand blasting or by resawing 
- cleaning of the joint spacing 
with compressed air immediate-
ly before the filling 
- installation of a new sealing 
strip 
- treatment of the joint spacing 
edges with a solution that 
provides added cohesion 
- pouring or placing of new 
joint sealant into the joint 
Hot-poured sealants should be 
handled by means of a placing 
device supported to the pavement 
so that the joint is evenly and 
at one feed filled to a correct 
filling degree, Figure B2-6, 
and that no air bubbies are 
left in the joint. 
Hot-poured rubberized bituminous 
joint sealants are generally used 
in Finland. Good experiences of 
cold-poured Siiicon-mixes have 
been received in the United 
States. Two-component piastic 
sealants require great instai-
lation precision and standard 
conditions which make their use 
difficuit in variable fieid 
conditions. The price of ready-
made rubber profiles is high 
and the experiences of their 
use are varying so that they 
are not generaily used in cold 
areas. 
The repair of the joint must be 
extended to the total width of 
the siab. If the repair is done 
only by increasing sealant it 
does not secure the water tight-
ness of the joint; thus the 
whole joint must always be 
repaired by means of the above 
mentioned working methods. 
Because joint sealants age in any 
case, ali joints shouid period-
ically be resealed, a recommen-
dable resealing cycle is 5 years. 
B 232 Crack repairs 
Hair cracks of less than 0,5 mm 
do not weaken the load-trans-
fering capacity from one part 
of the siab to another, they do 
not dram surface water through 
the slab, either. These cracks 
are not repaired. Cracks of 0,5 
- 1,5 mm wili be sealed against 
access of surface water by 
means of a method described 
later. If the width of a crack 
is more than 1,5 mm, the load-
transfer is lost and the siab or 
a portion of it must be renewed. 
These crack widths shouid be mea-
sured in winter. 
Medium cracks (0,5 - 1,5 mm) will 
be sealed by making a groove at 
them, Figure B2-7, which will be 
fiiled in the same manner as a 
sawn joint. A device which can 
follow the winding crack must be 
applied in the grooving process, 
otherwise the repair won't 
succeed. After grooving the 
groove is cieaned, a round 
asbestos strip is installed in 
it and the groove is filied 
with proper joint sealant. The 
filling is often undertaken 
without a sealing strip. Some-
times light sealants are used 
in cracks so that the uniform 
outlooks of the slab would not 
be disturbed. Figure B2-8 pre-
sents a crack repaired in the 
above described manner where 
new damage, however, has taken 
place aiready. 
Serious cracks (> 1,5 mm) are 
repaired according to Chapter B 
234 by renewing the fuli-depth 
slab part. A singie crack can 
also be repaired by installing 
dowel bars in it to restore the 
load-transfer, Figure B2-9. 
Steel locking device installed 
in holes drilled at the crack 
can also be used. 
scJ I9 
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FIGURE B2-7. Repair ot cracks 
by scabbling/21/ 
FIGURE B2-6. Filling a joint /1/ 
-117- 
B 233 Patching 
In this connection patching means 
repair of spalling or of other 
local surface damage by removing 
part of the pavement thickness 
at the damage and by repairing 
it with new concrete mix. 
Patching includes the foliowing 
working phases: 
- A rectangular patching area 
is marked out around the 
repair, at least 150 mm x 150 
mm, and a minimum of 50 mm 
beyond ali unsound concrete. 
- Locating grooves are sawn at 
the patch edges 
- The hardened concrete at the 
damage is grooved or milied 
and then cleaned out untii 
ali unsound concrete is re-
moved, Figure 32-10. The 
minimum thickness of the 
patch is 10 mm. If the patch 
thickness exceeds 10 cm (over 
40 % of the siab thickness) 
the repairing method must 
bechanged and a full-depth 
repair according to Chapter B 
234 must be made. 
- The area to be made is cieaned 
with compressed air. 
- The area to be patched is 
carefuily dampened if the 
patching is made with con-
crete mix. If the patching is 
undertaken with epoxy or 
iatex mix, the surface treat-
ment is carried out on a dry 
surface. 
- Patching mix is spread to a 
20 % surcharge then the surface 
is finished and protected 
from drying. 
- If patching is made in the 
vicinity of a joint, a tempo-
rary fiiling in the joint is 
used which is removed after 
the hardening of the mix and 
the joint spacing is filled 
in a normal way. 
An exampie of a succesfui patch-
ing is shown in Figure 32-11. 
Cement grout is used as patching 
mix in patchings of not more than 
30 mm (1 portion cement, 3 
portions sand, w/c = 0,45); 
concrete the maximum grain size 
of which is 10 mm (1 portion 
cement, 2 portions sand, 2 
portions D 2,..l0 mm, w/c = 
0,45) is used in patchings of 
more than 30 mm. The durability 
of the patch can be improved by 
compensating part of the water 
with latex (about 9 kg latex/50 
kg cement). A quickiy hardening 
and durable patch can be achieved 
with two-component plastics 
like epoxy. Only small patches 
can be made with epoxy (10 
portions sand, 1 portion epoxy), 
because, due to the disparity 
between the thermal characte-
ristics of concrete and epoxy, 
good bond to the old concrete 
cannot be ensured if large 
patches are used. Inspite of 
the high price epoxy is generaily 
used in repairing smaii joint 
cracks, because the protection 
time needed is short (3 hours) 
Cement-based patching mixes are 
less expensive, but they require 
a longer protection time. Asphalt 
is aiso well-suited for temporary 
patchings. Aiso with asphait 
the damage area must be carefuliy 
cleaned in order to get a clean 
and durable patch. 
B 234 Full-depth repairs (re-
placing a portion of 
slab or an entire slab) 
It may be necessary to repiace 
a portion of siab or the entire 
siab for exampie owing to severe 
cracks or to the destruction of 
the slab at a joint due to a 
blow-up. The main working phases 
of the fuli-depth repair are: 
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FIGURE B2-9. Dowel bars can be 
placed into a badly cracked 
slab to restore the load-trans-
fer capacity /11/ 
FIGURE B2-8. A repaired wild 
joint, spalling on the slab 
(Denmark 1988) 
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FIGURE B2-1O. Breaking out 
concrete within a thin bonded 
joint arris repair using a 
single headed scabbling tool 
•: :! 
FIGIJRE B2-11. A succesful patch 
/1/ 
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- The area to be renewed is 
marked out according to the 
foliowing principles. A trans-
verse repair must cover the 
total width of the lane, the 
length must be at least 1 m. 
The length of the remaining 
part of the old slab must be 
at least 1,5 m. Also a longi-
tudinal repair is made along 
the total length of the slab, 
the width must be at least 
1,0 ra. A full-depth repair can 
also be made in the corner 
of the slab in which case the 
side length of the repair 
area can be 0,5-1,0 m. If the 
above margin requirements 
cannot be met, the entire 
slab will be replaced. 
- The slab part to be renewed 
is sawn off at every side by 
a 20 mm wide diamond sawing. 
A wide saw-cut is necessary 
to be able to remove the slab 
part without breaking the 
edges. 
- The old slab part is hoisted 
with a crane avoiding breaking 
the remaining slab edges and 
and with the ininimum amount 
of damage to the subbase. 
- Dowel bars are horizontally 
drilled (Figure B2-12, Figure 
B2-13) in new transverse 
joints. 
- The dowel bars are grouted 
with epoxy into the old slab, 
the bar ends in the new slab 
are spread with bitumen. 
- Concrete surfaces are cleaned 
with compressed air, temporary 
joint fillers are inserted 
and the base is made. 
- Casting of the new slab part 
is undertaken in a traditional 
manner, particular care is 
taken to ensure good compact-
ion, curing and evenness. 
- The temporary joint fillers 
are removed, new joints are 
treated and finished like 
normal shrinkage joints. 
Full-depth repairs cannot be 
opened to traffic until the 
concrete strength is at least 
30 MN/m2 . If super-plastizised 
concrete is used, this means a 
traffic blockade of about 24 
hours. If needed, strengthening 
can be accelerated with additives 
so that the repaired area can 
be opened to traffic in a few 
hours after the casting (fast 
track) . Full-depth repairs are 
carried out in temperatures of 
10 - 20°C in spring when there 
are no compressive stresses 
caused by heat. 
B 235 Injection of slabs from 
unde rneath 
When deflection of slabs under 
a traffic load are measured in 
damage evaluation, transverse 
joints with a slab rocking of > 
3 mm can be located; such def-
lection can resuit in cracking 
or stepping of the slab. These 
kinds of slabs can be strength-
ened by injecting cement grout 
under the slab before the slab 
has damaged (Figure B2-14). 
Holes are drilled in the slab 
part to be injected, a square of 
approximately 1 m x 1 m, the 
nozzles are locked pressure-
tightly to the pavement, the 
slab base is dried by biowing 
compressed air through the 
nozzles, the injection is under-
taken with cement grout, the 
consistency and grain size of 
which depends on the void content 
under the slab. Injection must 
be stopped immediately when 
consumption of cement grout is 
decreasing in order to prevent 
pressure from lifting slabs in 
an undesirable manner. The 
holes are patched after the 
injection and the road can be 
openend to traffic when the 
samples taken during the process 
have given a strength value of 
5 MN/m2 , which means in a couple 
of hours. If plastic grouts are 
used the road can be opened to 
traffic in an hour after the 
injection. 
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FIGURE B2-12. Drilling holes 
for dowel bars in a fuli depth 
repair 
___ 
1 	 - 
FIGURE B2-13. A fuli depth 
repair: dowel bars placed, the 
base compacted, casting with 
super-plastizised concrete can 
be started 
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L 
FIGURE B2-15. Slab lifting by 
means of supporting beains 
B 236 Slab lifting 
For various causes a depressed 
slab or a group of slabs can be 
lifted with special arrangements 
to the right level again. In 
principle, the lifting can be 
undertaken in two ways. Trusses 
can be installed over the slab 
to be lifted (Figure 32-15) and 
the lifting is carried out by 
means of jacks exactly to the 
required level; when the slabs 
are supported by the jacks an 
injection of the base is exe-
cuted. Another way is to drill 
injection holes through the 
depressed slab group (Figure 
32-16) and to carry out the 
lifting with the pressure of 
the grout compressed under the 
slab. In addition to injection 
equipment no other special 
equipment is needed in this 
method and the height of the 
rise can be controlled by simple 
measuring wires. This method is 
suitable for repair of even 
greater settlements but the 
lifting must be carried out 
very slowly and systematically, 
in order to avoid cracks on the 
slabs. Injection grout must be 
coarser grained and less liquid 
than that used in the injection 
described in the previous chap-
ter. 
B 237 Milling 
Milling is often a profitable 
method of repairing concrete 
pavements. In principle, there 
are three different milling 
methods :710/ 
1) 	Grooving 
Transverse (sometimes also longi-
tudinal) grooves are milled on 
a siippery pavement to improve 
friction. Grooves are milled as 
a diamond sawing for example at 
distances of 19 mm (Figure B2-
17) . If the intention is to 
improve only the drainage of 
the road surface, grooves can 
be less densely milled but then 
they are deeper (see Figure B5- 
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15) . Grooving is always carried 
out as a restricted local oper -
ation. 
2) 	Grinding 
The unevenness of the road 
surface is removed by diamond 
sawing. A special machine re-
sembling a big motor grader 
(Figure 82-18) has diamond 
wheels side by side on two 
axies and the diamond wheels saw 
grooves densely on the pavement. 
Concrete between the grooves will 
break and it will be removed 
from the road. The intention of 
the grooving is to improve 
friction qualities, whereas the 
aim of the grinding is to remove 
material and to make an even 
road surface. A mild and dense 
longitudinal grooving (Figure 
B2-17) is left as a final sur-
face. Grinding does not damage 
joints. 
When grinding is used for example 
in guarantee repairs to improve 
evenness of new pavements only 
the occurring high areas are 
ground. When an old pavement is 
repaired by grinding, the pave-
ment is treated at its total 
length. Grinding is often the 
last phase of a rehabilitation 
project, other pavement darnage 
is first repaired locally ac-
cording to the previous points. 
Diamond grinding has been used 
to improve evenness of concrete 
pavements in the United States 
since 1965. The method has been 
developed into a reliable rout jne 
method whjch meets or even 
exceeds the evenness values of 
a new pavement (Figure B2-19 a, 
b). 
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Inection holes 
Measurin 0 	0 	0 	0 
-- 	0 - 	0 ( 	0 
	
o 	0 0 	0 0 	0 0 	0 
Settlenient depth Measuring wire 
ght 	1eds1ab Marks of egua ________________ 
(pieces of wood) 
on the pavement surface 
FIGURE B2-16. Slab lifting at 
settleinent /11/ 
'II 
1 I I 
- 	 .. 	 . 
MILLING (Nor.) 
,1Omm , 	____ 
FIGURE B2-17. Typical grooving 
procedures /10/ 
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FIGURE B2-18 a. A diamond fraise 
working; diamond wheels on two 
axies at the rear of the machine 
/6/ 
FIGURE B2-18 b. A close shot of 
the diamond wheels /6/ 
3) 	Cold-milling 
Cold-mill±ng is cornmonly used to 
remove old pavement material in 
rehabilitation of both asphalt 
and concrete pavements. M±lling 
is undertaken by means of hard 
metal sharp-pointed cutters 
attached to the milling drum, 
Figure B2-20 a, b. Different 
kinds of cutters are used for 
mill±ng of asphalt or concrete, 
otherwise the work is performed 
in the same way. Cold-milling of 
concrete was originally ±ntended 
to clean or reduce the thickness 
of the old pavement before 
casting a new bonded overlay. 
Cold-milling is stiil forbidden 
in the United States if the 
milled surface will be traf-
ficked, because cold-milling is 
considered to damage joints of 
the concrete pavernent and to 
considerably increase noise and 
wear of tyres. 
Instead, since 1978 Norway has 
tested and applied the latest 
cold-milling methods to improve 
evenness of concrete pavements 
/54/. According to the Norweg±an 
exper±ence a cutter distance of 
10 mm and a low speed have a 
smaller effect on joints and 
result in a lower grooving than 
a longer cutter distance and a 
higher speed (Figure B2-17). 
Also milling machines have been 
developed in Norway and cold-
milling is ordinarily applied to 
rehabilitation of rutted concrete 
pavements caused by studded tyre 
traff±c. 
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/ 
FIGURE B2-19 a. Concrete pavexnent 
repaired by diamond grinding in 
Alabama in the United States 
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FIGURE B2-19 b. A detail of the 
diamond-grinded concrete paveiuent 
B2 
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-. 
MiIIing drum 
lbmm 	8mm 	l2mm 	i5J 
Milling direction 	 ASF. ASF. 
BET. ASF. 
Sharp-pointed hard metal cutters (Wirtgen) 
FIGURE B2-20 a. Milling drum 
and sharp-pointed hard metal 
cutters in cold milling 
- 
FIGURE B2-20 b. Milling machine 
and a cold-milled area on a 
concrete pavement 
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B 238 Surface treatinents and 
thin overlays 
Friction, evenness and homoge-
neity of the surface can be 
improved not only by milling 
but also by different surface 
treatments and overlays. The 
purpose of a treatment may be 
- impregnation of the pavement 
concrete 
- improvement of the water 
tightness of the surface 
- adhering of chippings to the 
surface to improve friction 
Usually surface treatment mate-
rial is uniformly spread on the 
entire road, but this can also 
be made locally for example at 
a crack or at an open road 
surface area. Plastic- or oil-
based liquid materiais are used 
as surface treatment materiais; 
every material has its own dosage 
and working technique. The 
surface must be clean and dry 
to achieve a succesful outcome. 
Surface treatments to improve 
friction are undertaken with 
epoxy or biturnen. Epoxy has 
often been abandoned because 
the pavement may become even 
more siippery when the chip-
pings wear out. 
An open area can be sealed, a 
local uneven area can be repaired 
or a new even surface can be 
achieved with a thin overlay. 
When it is a question of a 
local repair the surface is 
milled or grooved and then 
cleaned with compressed air. 
The mix is spread with hand 
equipment and finished to the 
level of the pavement surface 
(Figure B2-21). Cement or epoxy 
grout is used as a mix. When 
using cement grout the thickness 
of the grout must be at ieast 
10 mm even on the edges, also 
'zeroing' can be made with 
epoxy grout. Epoxy grout gives 
a durable and tight surface but 
the work must be done very 
carefully and in dry conditions. 
A thin epoxy overlay should not 
be greater than 1 m x 1 m, 
otherwise cracking and peeling 
will increasingiy occur. 
A thin overlay covering the 
entire pavement is made on a 
rnilled concrete surface. If 
concrete is used as a mix (with 
or without steel fibres), the 
minimum thickness of the overiay 
is 35-50 mm, when using piastic 
additives or asphalt a minimum 
thickness of 20 mm can be reach-
ed. Great interest is shown in 
these very thin overlays ali 
over the world. So far, only 
tests have been made and the 
experiences have been variabie-
and the price often high. An 
Austrian investigation on the 
mix design of thin overiays is 
presented in Figure 
B2-22. Bonded overlays are also 
referred to in Chapters B 24 
and 3 271. 
B 239 Other 	rehabilitation 
methods 
The above described repair and 
rehabilitation methods concern 
the pavement siab itself. The 
age of the pavement can also be 
extended by indirect measures, 
such as: 
- by building a concrete shoulder 
attached to the old carriageway 
slab 
- by improving drainage by 
means of side subdrains 
Old concrete pavements are 
usually not wider than the 
carriageway, shoulders •are 
usually paved with asphalt. 
Edge stresses of carriageway 
slabs can essentially be de-
creased - according to some 
caiculations even by 30 % - by 
building concrete shoulders and 
by binding them to the carriage-
way slab by means of tie bars. 
If traffic is heavy and the 
pavement is in a good condition 
but measurernents show deflections 
at joints, construction of 
concrete shoulders should be 
considered. 
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FIGLJRE B2-21. A thin epoxy 
overlay as a repair method of 
an open pavement surface 
Binder Cement Cement+acryl±c plastic 
Minimum thickness 35 mm 20 mm 
Agg rega te 
- fine aggregate 45 % 0-4 mm 38 % 0-2 mm 
- rough aggregate 55 % 8-12 mm 62 % 4-8 mm 
Portland-cement 455 kg/m 3 540 kg/m3 
Acrylic plastic liquid - 100 kg/m3 
Air entraining agent 0,1 % of the 0,06 % of the amount 
amount of cement of cement 
Super-plastiziser 0,2 % of the 0,1 % of the amount 
amount of cement of cement 
Water/cement ratio 0,35 0,35 
Shrinkage 	(48 days) 0,08 	% 0,05 	% 
Fiexural strength 6,9 MN/m3 6,0 MN/m 2 
(28 	days) 
Compressive strength 46 MN/m2 19 MN/m2 
(28 	days) 
FIGtJRE B2-22. Example of bonded 
overlays according to an Austrian 
investigation /36/ 
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It is an acknowiedged fact that 
inadequate drainage has been the 
most important singie environ-
mental factor resulting in 
deterioration of old concrete 
pavements. On the other hand, 
there are differing opinions of 
the efficiency of side subdraines 
built afterwards. Anyhow, sub- 
drains are more and more often 
included in new rahabilitatiori 
projects. (see Figure B4-31) 
The idea of subdrains is to 
quickly remove rainwaters from 
the carriageway and from the 
road structure in ali conditions 
and to avoid detrimental effects 
of water on the load-bearing 
capacity and the durability of 
the base. 
B 24 	REPAIR OF RUTS 
Because repair of ruts is a 
typical rehabilitation probiem 
in the Finnish conditions it 
wili separately be dealt with 
here. 
There are not much experience of 
the repair of ruts on concrete 
pavements. However, the existing 
concrete pavements started to rut 
aiarmingiy ali over the world in 
the beginning of the studded tyre 
age in the 1960s. The lack of rut 
repairing methods was one of the 
rnain reasons for the prohibition 
of studded tyres in many coun-
tries. Badly rutted concrete 
pavements were paved with an 
asphalt layer which was enough 
when studded tyres were not 
used any more. Only Austria and 
Norway have done wider research 
on rut repairing methods and 
costs. In principle there are 
five different rut repairing 
methods (32-23) 
a) 	Surface treatment 
Incipient rutting can be retarded 
by adhering a firm durable 
chipping at the rut using bitu-
men, rubberized bitumen or 
resin mortars as a binding agent. 
The method is used in rehabili-
tation of siippery ruts among 
others in France and England. 
It was established in the tests 
made in Norway that the method 
couid not withstand the heavy 
studded tyre traffic long enough. 
b) Filling of ruts with 
mixes 
Filling a rut for example with 
fine-grained rubberized asphalt 
mix is an applicabie method, if 
the "colour defect" is not con-
sidered an inconvenience. This 
method has been used in Austria 
(Figures B2-45, B2-46) . This is 
a short-term method if the rut 
filling is undertaken with 
asphalt. The durability can-
to some extent - be improved by 
surface treatment. Use of other 
binders - epoxy, resin, sulphur-
has been tested but they have 
proved to be expensive and 
difficult inpractice. Laboratory 
precision in different working 
phases is required to bring 
about a good adhesion in the 
U zero ing! of the rut edges. Until 
now the method has not suited for 
a more wide-spread application 
in rut patching, but it is 
practicai as a local patching 
method. 
c) Grooving and filling ot 
ruts with concrete mix 
A method for rutting repairs has 
been developed in Austria; 
there a 3,5 cm deep hole is 
milled at the rut, cleaned out 
by compressed air and then 
filled with super-plastizised 
concrete (Figure 32-24) (see 
aiso Chapter 3 238) . If well per -
formed this method has every 
qualification to succeed and it 
is well-suited also for wide-
scale patching. According to a 
Norwegian test the method was 
regarded as expensive and in-
convenient and as too complex 
in practice. As good a surface 
regularity as that of the rest 
of the carriageway was not 
acchieved in the test; the work 
itself succeeded and the repairs 
withstood traffic satisfactorily. 
-130- 
FIGURE B2-23. Repair methods of 
ruts of concrete paveinents 
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FIGURE B2-24. Repair of ruts 
with concrete mix according to 
an Austrian research /36/ 
d) 	Milling and grinding 
Clearly the most interesting 
method of rutting repairs is 
the milling of an unworn pavement 
section to the level of the rut 
root. Precise and efficient 
diamond and cold milling methods 
and equipment have been developed 
in the United States; their 
adaption for levelling of ruts 
is a resuit of the latest, 
primarily Norwegian, development 
work. The first wider milling 
tests were carried out on the 
Main Road E18 in Tonsberg Norway 
by Danish cold milling equipment 
in 1979 and 1980. Later a special 
fraise attached to the motor 
grader was developed in Norway; 
bridge pavements, among others, 
were milled with it. Encouraged 
by the experience the road 
authorities executed a 4 km 
long milling project with very 
good results in 1982. Two big 
Arnerican and German cold milling 
machines were used in this work 
and they were later bought to 
Norway. Based on good experien-
ces milling is a routine method 
in Norway and the technical 
problems so far connected with 
rutting repairs are solvedby it. 
In 1983 the milling method was 
tested in Finland on the Ring 
Road III built in 1970. A 23 
ton machinery (Roconeco Ingersoll 
Rand MW-6520 XP) was used; the 
working width of the milling 
drum is 2,0 m. The milling 
depth of concrete was approxi-
mately 14 mm and totally an 
area of 840 m2 was processed. 
This Finnish test was also very 
succesful and taught much both 
in working methods and appli-
cability. 
e) 	Milling and overlaying 
E.g. the foliowing reasons may 
result in overlaying a milled 
surface: 
- it is not possible to resort 
to diamond milling, or cold 
milling does not give satis-
factory results 
- the milled slab is so thin 
that it won't withstand re-
peated traffic loads 
- the purpose is to obtain an 
especially durable surface 
(steel fabrics, epoxy etc.) 
Application of an overlay is made 
according to the principles of 
Chapter B 238. The method has 
been used to some extent in 
rehabilitation of bridge pave-
ments. The method is unreasonably 
expensive merely for repairs of 
ruts, but it may be considered 
in case of also other repairing 
objectives. 
Of the above methods the milling 
method is the most widely devel-
oped and the most applicable 
for widespread use. In a careful 
design of pavement slabs rutting 
is taken into account as an 
additional thickness of the 
slab. Thus the millings can be 
performed without endangering 
the constructional durability 
of the slab. 
B 25 	DESIGN OF REPAIR 	D 
REHABILITATION MF.ASURES 
B 251 Selection and timing of 
the measures 
The above repair and rehabili-
tation methods have been de-
scribed in a general sense 
without a reference to the 
repair methods of the different 
damage types especially shown 
in Figures B2-1, B2-2 and B2-3. 
For each project the most proper 
methods are to be selected of 
the methods described or of their 
combination. 
In addition to the actions also 
the time of the repair or reha-
bilitation operation must be 
decided in connection with the 
design. Regular and systematical 
damage evaluation is of good 
help. New damage demanding 
quick measures is visible to 
the eye and their worsening or 
constancy can be estimated by 
comparing the collected informa-
tion with the earlier data. 
Thanks to regular damage evalu-
ation the condition can be 
followed up in order to avoid 
negligences and also over-sized 
repairing measures. Ready-made 
descriptions of the degree of 
difficulty and of various stand-
by limits are available. The 
evenness and service level of the 
road are also good indicators. 
An interdependence of rehabili-
tation needs and service level 
index according to an American 
investigation are shown in 
Figure 32-25.125/ In practice 
spalling and cracking are at-
tended to during an annual 
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maintenace operation, rutting 
and resealing of joints are taken 
care of at certain annual inter-
vais and a wider maintenance is 
considered at the end of the 
service life of the pavement 
(20-30 years) 
B 252 Profitability of the 
measures 
On the basis of the above survey 
a technically reliable repairing 
method can be found for every 
occurring damage. The preliminary 
design must also estimate how 
drastic measures are considered 
profitable on the whole. When 
defining the profitability of a 
rehabilitation operation not 
only the costs of the rehabi-
litation are important but also 
how much the service life of 
the pavement can be extended 
(Figure B2-26) . As far as a 
single rehabilitation operation 
is concerned the service life is 
the decisive factor. 
When service life is examined, 
the service life of a single 
operation should be separated 
from the increase in a service 
life of an entire pavement 
sector achievedby rehabilitation 
operations. It is important-
but difficult - to estimate 
both the factors and it requires 
good realization data and wide 
experience. 	Certain 	service 
life figures typical of some 
rehabilitation measures 	are 
collected to Figure 32-27. 
Figure 32-28 shows an American 
estimation of the influence of 
a wide rehabilitation operation 
on the service life of the 
pavement. 
The investment costs or repair 
works are to be estimated action 
by action on the basis of local 
price data. Certain foreign 
unit prices are shown in Figure 
B2-29. They are adaptable only 
in the conditions of the country 
in question, but they give an 
idea of the s±ze range of repair 
and rehabilitation costs. 
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- 	LLENT 
ROUtINE 
RY 0000 
70 
ROUTINE • 0000 
MAJOR, - - ______ 
-. OVERALL 
-. 
''' 
FAIR 
MAJOR. 40 POOR 
OVERALL 
25 
VERY POOR 
OVERALL - 
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FIGURE B2-25. Interdependence 
of rehabilitation needs and 
service level index according 
to an 1inerican investigation 
/25/ 
1 Increase in the condition class achieved by rehabilitation 
----- 
1 	Increase irt the service life 
achieved by rehabilitation 
T = rehabilitation 	TIME 
1 	time 
FIGURE B2-26. Increase in the 
service life thanks to rehabili-
tation measures /15/ 
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When the investment costs and the 
increase in service life have 
been estimated an annual cost 
caused by the rehabilitation 
can be calculated and this can 
be used as a characteristic 
when comparing the profitability 
of different rehabilitation 
strategies. (Figure B1-23) 
REHABILITATION MEASURES PREREQUISITES ESTIMATED SERVICE 
LIFE 	(years) 
- fuil depth repair a healthy slab more than 10 years 
- patching a healthy slab 5 - 10 years 
- injection from under- good drainage, 	joints 4 - 8 years 
neath in a good condition 
- restoring the load- good drainage, 	joints 3 - 7 years 
transf. capacity by in a good condition 
means of dowel bars 
- construction of a injections, 	patchirig 10 - 20 years 
concrete shoulder to when needed 
diminish stresses at 
edges 
- milling injections, 	patching 5 - 15 years 
made; drainage, 	joints 
in a good condition 
- renewing of joint rubberized bitumen 4 - 6 years 
sealants silicone 8 - 15 years 
FIGURE B2-27. Evaluations of 
single rehabilitation measures 
according to an Ainerican investi-
gation /15/ 
HEAVY TRAFFIC 
(vehicles/lane/day) 
RAINFALL 
(mm/Y) 
ESTIMATED INCREASE 
OF SERVICE LIFE 
1. < 1500 < 500 15 - 20 years 
2. > 1500 < 500 10 - 15 years 
3. < 1500 > 500 10 - 15 years 
4. > 1500 > 500 5 - 10 years 
FIGURE B2-28. Ari increase of 
the service life achieved by a 
full-scale repair project ac-
cording to an American investi-
gation /15/ (Note! Group 3 
corresponds to the Finnish condi-
tions) 
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UNIT PRICES FOR REHABILITATION MEASURES, (Minnesota, USA, 1984, /29/) 
Renewal of the transverse joint 
(cleaning, sawing, filling) 
Repair of a crack 
(grooving, filling) 
Renewal of the longitudinal joint 
(cleaning, sawing, filling) 
Patching 
(grooving, cleaning, filling) 
Full-depth repair (small) 
Full-depth repair (wide) 
Installation of dowel bars 
Sawing a new joint 
Replacement of pavement 
(removal of old pavement, rehabilitation 
of base, construction of new pavement) 
16,00 nik/rn (1$ = 4,35 mk) 
19,00 
11,50 
100,00 
195,00 
34,00 mk/kpl 
15.50 mk/ni 
275,00 mk/m2 
A bound slab on top of the old pavement, 119,00 mk/m2 (Dakota 1985) 
7,5 cm (including crack repairs) 
UNIT PRICES FOR REHABILITATION MEASURES, (Norway, 1983, /55/) 
Cold milling 
(depth 30 mm) 
13,00 mk/ni2 
(the price rises 3,50 mk/ni2 per 
each additional depth of 10 mm) 
UNIT PRICES FOR REHABILITATION MEASURES, (USA, 1981, /32/) 
Polymer concrete (for repairs) 	 niin. 1300 nik/ni3 
up to 10000 nik/m 3 
FIGURE B2-29. Unit prices for 
rehabilitation measures (note! 
the prices depend on the local 
price level - these prices give 
only the size range) 
B 26 	PREVENT JON OF DAMAGE 
Damage on a pavement leads inevi-
tably to repaving or heavy 
rehabilitation in the course of 
time. Although the service life 
of concrete pavements is long, 
the threshold of a reinvestment 
is so high that it is tempting 
and often even profitable to 
extend the service life even 
more and thus postpone greater 
investments. This object can be 
achieved by analyzing the design, 
construction and maintenance 
problems because a long service 
life will or won't be achieved 
depending on the decisions of 
these working phases. 
1) Means of the design 
Defects of old paverrients and 
before all their causes give 
good knowledge of the design of 
new pavements. A wide investi-
gation on the condition of 
pavements (COPES/9) recently 
carried out in the United States 
gives also statistical represe -
ntativeness to the following 
conclusions: 
- addition of the slab thickness 
reduces cracking, fault-
ing and pumping and 
delays the decrease in 
the service level. 
- shortening of slabs 
reduces faulting, joint 
damage and cracking and 
delays the decrease in 
the service level 
- use of dowel bars and addition 
of bar thickness 
reduces faulting, im- 
proves the service level 
- a bound base (subbase) 
reduces faulting and 
cracking 
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- improved drainage 
reduces pumping and the 
decrease in the service 
level 
- a good joint filler (which 
prevents penetration of foreign 
materiais into the joint) 
reduces spalling and 
cracking at the slab ends 
These are well-kflOWfl keyfactOrS 
in the design of concrete pave-
ments. The Americafl research only 
strengthenS the opinion of their 
importance of the long-term dura-
bility. Thus it is evident that 
cutting down on construCtiOfl 
costs (slab thickness, dowel 
bars, jointing compounds etc) 
is fatal for the long-term 
durability of the pavement, 
although it would seemingly 
improve the competitiveneSs of 
the concrete pavement. On the 
other hand, the service life can 
considerably be extended by 
expending more than usual on 
the structure. 
2) Means of construCtiOfl 
The quality level of the con-
struction work has a great 
effect on the damage speed of 
the pavement. ConstruCtiOfl 
failures are the principal 
reason for the main part of the 
pavement defects. As to the 
long-term durability the fol-
lowing significant failures can 
be mentioned (see also Chapter 
B 154) 
- a wrong position of dowel bars 
- unhomogeneoUs mix 
- a delayed sawing of joints 
- a bad curing of fresh concrete 
- wrong material choices (a 
weak or reactive aggregate) 
- other reasons 
The success of the construCtiOfl 
work is not thus measured only 
by the evenneSS of the pavement 
but also by small rehabilitation 
costs and long-term durability. 
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3) Means of maintenance 
The significance of annual 
rehabilitation measures have 
lately been emphasized ali over 
the world. Road authorities 
generally regret that rehabili-
tation of concrete pavements of 
the previous generation have 
been neglected and that defi-
encies have progressed too far. 
An annual rehabilitation doesn't 
generally prevent development 
of damage but it contributes to 
restraining them and to main-
taining the constructional 
durability and good service 
level as long as possible. The 
strategy of constant maintenance 
is wise economy also in the main-
tenance of concrete pavements. 
B 27 
	
	RECONSTRUCTION 01? CON- 
CRETE PAVEMENTS 
The economic service life of the 
concrete pavement cornes to an end 
in due course and rehabilitatjon 
has to give way to reconstruc-
tion. Because the old pavement 
is attempted to be utilized 
with as great a terminal value 
as possibie in connection with 
the reconstruction, the border 
line between rehabilitatjon and 
reconstructjon is sometimes 
wavering. In this context the 
border line is determined by 
the fact whether the intended 
actions only will extend the 
service life or whether the 
durability of the renewed pave-
ment equals that of a new pave-
ment. In this report the atten-
tion has been on repair and 
rehabilitation problems. Only 
the most common characterjstjcs 
of reconstructjon methods are 
dealt with in the following. 
B 271 Bonded overlays 
If a concrete pavement is in a 
good condition but its thickness 
is short-dimensjoned to the 
actuai heavy traffic fiow, 
thickness can be added by casting 
a new thin slab on the surface 
of the old one and by binding 
the slabs together (bonded 
overlay, Figure B2-30) . The old 
slab surface is milled and 
cleaned and cement grout is 
spread on it just before the 
casting of the new surface 
slab. The new slab won't be 
reinforced (no dowel bars); the 
joints are sawn through the new 
slab at the joints of the old 
slab. The thickness of the slab 
is generally under 10 cm. A 
reliable bond between the slabs 
is a qualification for success. 
If there are more defects on the 
old slab and its remaining 
service life would be shorter 
than described above, a thicker 
slab can be cast without milling 
(partially or direct bonded 
overlay), Figure B2-30. The 
damage of the old slab is care-
fully repaired, the surface is 
brushed and a new slab is cast 
directly on the old slab. The 
slabs are regarded to partly 
function together which is taken 
into account in the thickness 
dimensioning. 
A summary and applicability of 
bonded overlays are presented in 
Figure B2-30. 
B 272 Bonded overlays with 
asphalt 
When an old slab is in a good 
condition otherwise but the 
pavement has iost its evenness, 
it can be paved with asphalt 
using a thin (4-5 cm) asphalt 
overlay. The damage of the old 
pavement is carefully repaired 
with asphalt mix. Joints can be 
sawn and filled on the asphalt 
pavement at the joints of the 
old slab or no joints are made; 
reflection cracking can be 
reduced by spreading a rein-
forcing fabric at the joints 
before paving with asphalt. 
Refiection cracking is to be 
expected. The stability of the 
asphalt mix must be good because 
a thin asphalt layer between a 
rigid slab and heavy traffic is 
prone to great stresses and it 
ruts easily. 
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CONCRETE OVERLAYS ON CONCRETE PAVEMENT 
UNBONDED OR SEPARATED PARTIALLY BONDED OR BONDED OR MONOLITHIC 
OVERLAY OIRECT 	OVERLAY OVERLAY 
T. 
T[ 
_________ 
TRL' 	 ' 
To[ 	J 
T1f 
TYPE OF 
OVERLAY 
___________ 
'\W* 	." f^ 
___________ 
CLEAN SURFACE DEBRIS CL.EAN 	$URFACE OESRIS SCARIFY ALL LOOSE CON- 
1 ' ,'E 	'E I 	 L'UF 
AND EXCESS JOINT SEAL AND EXCESS JOINT SEAL CRETECLEAN JOINTSCLEAN 
PLACE SEPARATION COURSE- AND REMOVE 	EXCESSIVE OIL AND ACID ETCII SURFACE - 
PLACE OVERLAY CONCRETE. AND RUSSER-PLACE OVER- PLACE BONDINO GROUT AND 
LAY CONCRETE OVERLAY CONCRETE. 
MATCHING OF LOCATION NOT NECESSARY REQUIRED REQUIRED 
JOINTS IN OVER4 
LAVE. PAVEMENTJTYPE NOT NECESSARY NOT NECESSARY REQUIRED 
REFLECTION OF 
UNDERLYING CRACKS NOT NORMALLY USUALLY YE:S 
TO SE EXPECTED 
REQUIREMENT 	FOR REOutREMENT ts INDEPENDENT REQUIREMENT 5 INDEPENDENT NORMALL.Y NOT USEO tN 
STEEL REINFORCE - OF THE STEEL. I 	EXISTtNG OF TI€ STEEL IN EXISTING THIN OVERLAYS.IN THICKER 
PAVEMENT OR CONDITION PAVEMENT. STEEL MAY SE OVERLAY STEEL MAY SE 
MENT OF EXISTING 	PAVEMENI. USED TO CONTROL CRACP(ING USED TO SUPPLEhIENT STEEL 
WHICH MAY SE CAUSED BY IN EXISTING PAVEMENT. 
LIUITED NON-STRUCTURAL 
DEFECTS IN PAVEMENT. 
FORMULA FOR COMPLJTIN( 
THICKNESS OF OVERLAY __________ ____________ 
Tr = ,J'Tz_ CT Tg. = '/T'- CT 4 Tr 	z T -T0 HOTE 	T tS THE TNICXNESS 
OF MONOLITHIC PAVEMENT 
REQUIRED FOR THE DESIGN NOTE: THE ABILITY OF THE 
LOAD ON THE EXISTING ötAID SLAB TO TRANSFER 
SUPPORT LOAD AT THE JOtNTS SHOULD 
.0 tS A STRUCTURAL CONDI- SE ASSESSED SEPARATELY 
TION FACTOR 
TR SHOULD SE SASED ON 
THE FLEXURAL STRENGTH OF OVERLAY 	CONCRETE OVERLAY CONCRETE EXISTING CONCRETE 
MINIMUM THCKNESS 6" 5" 
NO STRUCTU- 
, RAL DEFECTS YES YES YES 
0. ..JO CI.O _________________ ________________ _________________ 
ONLY IP DEFECTS CAN SE ONLY IF DEFECTS CAN SE : 
- ''-. C 	0 75' 
YEs 
REPAIRED REPAtRED 
- » 
4 
O - II_ 
flZ SEVERE STR- 
J -O UCT DEF CTS VES NO NO 
)UW 
NEGLIGISLE YES YES YES 
m z - ,, _________ __________________ __________________ 
D LIMITED YES YES YES ..i2 _______ _______________ _______________ ________________ 
'- 
EXTENSIVE YES NO YES 
VALUES APPLY TO STRUCTURAL CONDITION ONLY, 
AND SHOULO NOT SE INFLUENCED BY SURFACE DEFECTS. 
FIGURE B2-30. Summary of concrete 
overlays on concrete pavement /5/ 
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An asphalt pavement as a recon-
struction method is always a 
temporary solution. The concrete 
pavement underneath will age 
and damage in due course and 
rehabilitation measures are 
needed in a fashion of an ordi-
nary concrete pavement. 
An asphalt-paved concrete slab 
is - when duly jointed - also a 
structural alternative of a new 
road among others in Canada, in 
the United States /22/ and 
England. 
B 273 Unbonded overlays 
When the old pavement is badly 
cracked it can no more be used 
as a part of the new pavement 
or as a base. In such a case 
the old pavement with its damage 
will be left as a subbase under 
an asphalt or some other sepa-
rating layer and the new concrete 
pavernent will be dimensioned 
fully independently. Also joints 
are placed independent of the old 
pavement, Figure B2-30. 
If an intermediate asphalt layer 
won't be built or the behaviour 
of the old concrete pavement is 
doubtful the old pavement can 
be broken into smaller pieces 
(1-2 m2 ) by special hammers and 
the pieces can be compacted by 
vety heavy roliers (about 30 t) 
('crack and seat' method) . Then 
a new slab is cast without an 
intermediate asphalt layer. The 
method is widely used in the 
United States - also when the 
new pavement is of asphalt. The 
method was also used on the old 
concrete roads in Malmöhuslän 
in Sweden. 
B 274 Recycling 
When an old concrete pavement is 
not needed to improve the load-
bearing capacity or it won't be 
left as such as a base, it is 
broken by mechanical vibrating 
hammers, hauled away and crushed 
to be used as pavement material 
either to a new concrete pavement 
or to a cement-treated subbase. 
The reinforcement is separated 
either on site or in a crushing 
plant. According to the Arnerican 
experience crushed concrete is 
well-suited as aggregate for a 
new concrete pavement /11/. 
Addition of sand is recommended 
only to improve workability. In 
Europe the old concrete pavement 
is generally returned crushed 
to the site as raw-material of 
cement-treated layers and tra-
ditional aggregates are used 
for a new pavement slab. 
B 275 White-topping inlays and 
overlays 
A heavily trafficked asphalt-
paved road, where rutting is a 
problem, can be reconstructed 
into a concrete-paved road. 
This can be made either directly 
on the old asphalt pavement 
(white-topping overlay) or by 
milling a space for a concrete 
layer on the old asphalt (white-
topping inlay), Figure B2-31. 
This means construction of a 
new concrete pavement in every 
respect; the old asphalt layer 
forms a good, load-bearing 
base, but doesn't essentially 
decrease the thickness of the 
concrete pavement. The decrease 
can be as much as 10 % at its 
best compared with the construc-
tion of a new traditional pave-
ment. Quite a different matter 
is if the "white-topping" is 
reinforced or if it is made of 
steel-fibre concrete or of 
other special concrete. Then 
thickness has considerably been 
reduced in some tests. There is 
not enough proof of the economy 
or durability of these special 
solutions, at least not for the 
present. 
White-topping solutions have been 
executed both in the United 
States and Europe and they are 
considered more and more often 
a solution for load-bearing and 
stabilization problems of heavi-
ly trafficked urban roads in 
European metropolitans. The 
same principle is carried out 
in the construction af the 
Austrian motorways so that the 
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motorways are paved with asphalt 
in the first construction phase, 
but later a concrete slab wili 
be built as a final pavement. 
B 28 	FOREIGN EXPERIENCES OF 
THE DESIGN AND REALI-
ZATION OF REPAIR AND 
REHABILITAT ION WORKS 
B 281 Experiences from the 
United States /6,61,62/ 
It has been estimated in the 
United States that 15000 km 
(about 25%) of the Interstate 
motorway network is in need of 
immediate rehabilitation and 
the need is constantly increa-
sing. The main road network buiit 
in the 1950s and 1960s has 
started to deteriorate dramati-
caliy due to age and to greater 
increase in traffic than antici-
pated. About haif of this road 
network has been paved with 
concrete. The situation charac-
terized as an emergency led to 
many strong actions on the 
federal ievei since the end of 
1970s: 
- A so called 4R-programme was 
started (Interstate Resurficing 
- Restoring - Rehabiiitating-
Reconstructing) . The aim was 
to save the Interstate network 
by securing financing and 
technicai conditions for reha-
bilitation. This prograrnme is 
stiil some kind of a frame-work 
for ali other efforts started. 
- Federai financing activites 
for rehabilitation of the 
Interstate network has been 
quadrupied during the five 
years 1982-1987. 
- Remarkabie deveiopment projects 
to develop rehabiiation tech-
nique have been executed in 
co-operation between 	road 
authorities, 	contractors, 
manufacturers and researchers. 
- A wide international SHRP 
research programme (Strategic 
Highway Research Program) was 
planned to investigate factors 
effecting the condition and 
service life of the road 
network and to improve in-
structions and technique on 
its basis. The project was 
started as a 5-year research 
work in 1987. Thorough labora-
tory in 	vestigations and 
also wide fieid evaivations 
and construct ion of test 
roads are inciuded. 	Also 
experts from abroad take part 
in the project, Finland is 
participating in the co-oper-
ation with the rest of Scandi-
navia. 
The 4R-project as a whole in-
ciudes of course both asphalt 
and concrete roads. When haif 
of the Interstate-roads are 
concrete roads, it is evident 
that the maintenance probiems 
of concrete roads are an impor-
tant part of this research and 
development. Detailed new in-
structions on design and reali-
zation of maintenance of concrete 
pavements have aiready been 
pubiished on the federal level 
in the 1980s. Up-to-date in-
structions on rehabiiitation of 
concrete pavements are aiready 
inciuded in the road standards 
in many states. 
In practice the first R (= resur-
ficing) of the 4R-project has 
very often meant covering of 
the deteriorated concrete pave-
ment with a thin asphait iayer. 
This measure has been regarded 
as temporary, but due to scanty 
financing it has often been the 
oniy possibility. On the other 
hand, also wide rehabilitation 
projects have been succesfully 
executed in the United States 
where the original service 
ievei of the concrete pavement 
has been restored. Some examples 
of defects and rehabilitated 
pavements on the American Inter-
state road network are shown in 
Figures B2-32. . .B2-40. 
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FIGURE B2-31. Principal drawing 
of the rehabilitation of an old 
asphalt road using white-topping 
ove r 1 ay 
FIGURE B2-32. Ari old concrete-
paved urban road in Minneapolis, 
repaired by fuli depth patching 
(photo 3R11987) 
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FIGURE B2-33. A detail of a 
patched street paveinent, Minnea-
polis 
/ 
FIGURE B2-34. A rehabilitated 
concrete pavement of more than 
20 years of age, State Highway 
169, Minneapolis 
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FIGURE B2-36. A worn-out, old 
concrete pavement, an asphalt 
shoulder, Thruway 87, New York 
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FIGURE B2-37. Asphalt patchs on 
a conrete pavement, Aibany, New 
York 
- 
FIGURE B2-38. A buinp at the 
culvert, a failed temporary 
repair, Minnesota 
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FIGIJRE B2-39. Severe D-cracking 
in the paveinent, Minnesota 
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FIGURE B2-40. A repaired wild 
crack, Minnesota 
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B 282 Experiences from Central 
Europe /63/ 
Concrete pavements have a long 
history also in Central Europe 
and thus they have also experi-
ences of damage and rehabili-
tation. The general impression 
is not, however, that of a 
crisis as in Northern America; 
the situation has been better 
under control. The lack of up-
to-date rehabilitation instruc-
tions has, however, been evident 
also in Central Europe at the 
end of the 1970s and thus in 
the early years of the 1980s 
manuals on maintenance and 
instructions of design have 
been published in most countries 
where concrete pavements have 
been built. In connection with 
this explicit survey the manuals 
on maintenance published in 
England (1986,11/), Germany 
(1985,13/), Switzerland (1985, 
/4/) and in France (Cembureau/ 
Paris (1982, /2/) have been 
studied. The instructions have 
been prepared in co-operation 
and 50 they teach a similar 
kind of practice. The importance 
of constant maintenace is ernpha-
sized in all countries and the 
pressure to design new concrete 
pavements more and more durable 
without compromising in dimen-
sioning or details is mutual. 
Concrete pavements built on main 
roads in the 1930s are stiil 
trafficked in the Gerrnan Demo-
cratic Republic (Figure B2-41) 
It has been necessary to decrease 
the speed level of these roads 
due to regular faulting of 
joints, otherwise the slabs are 
in a considerably good condition. 
Rehabilitation of the worst 
sections is undertaken as a 
repavement by removing the old 
pavement. 
FIGURE B2-41. Concrete paveinent 
built in the Gerinan Democratic 
Republic in the 1930s (Berlin-
Dresden). Cracking and warping 
of slabs occur, the service 
level reduced 
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The repairing methods connected 
to rehabilitation are comrnonly 
used in Germany. Worn-out pave-
ments are crushed and stabilized 
onto the subbase. Especially on 
motorways the service level is 
not allowed to decline conside-
rably before repaving. 
The aging concrete infrastructure 
(concrete roads, concrete 
tunneis, bridges) causes concern 
in Switzerland and Austria and 
great importance is laid on 
maintenance - and at least up 
till now with success - because 
the best concrete pavements of 
the world can be found there. 
The use of concrete pavements is 
most common and their condition 
most variable in Belgium. The 
condition of new main road 
pavements is excellent, the 
service level of oider main 
roads hs declined and local 
repairs are abundantly needed. 
The condition of concrete pave-
ments on lower road network is 
very variable and a more lax 
attitude than that of the neigh-
bouring countries has been 
taken in the required service 
level. 
Examples of damage types and 
rehabilitation methods of con-
crete paveinents in Central-
European countries are shown in 
Figures B2-42. . .B2-49. 
1 , 
,i*f 
FIGURE B2-42. Ari old concrete 
pavement on regional road N2 in 
Beigium. Hitting joints and 
cracking have been repaired by 
replacing slabs (photo JR/1987) 
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FIGURE B2-43. Fuil depth repair 
N2 Halen-Hasseit, Beigium 
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FIGURE B2-44. Pavement grooved 
in connection with the repair, 
the joint redamaged, N2 Halen-
Hasseit, Beigium 
__ 
B2 
FIGURE B2-46. Gussasphalt treat-
ment on a rutted concrete pave-
ment, Al Melk-Wien, Austria 
---J 
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FIGURE B2-47. A reinforced two- 	FIGURE B2-48. A damaged joint 
layer pavexnent; scaling caused in an old concrete pavement, 
by corrosion on the pavement, Ni, Aarau, Switzerland 
N13, Switzerland 
, 
FIGURE B2-49. Concrete pavement 
rehabilitated by replacing 
slabs, Ni, Aarau, Switzerland 
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B 283 Scandinavianexperiences 
There were concrete pavernents in 
ali Scandinavian countries as 
eariy as in the 1920s and 1930s. 
They were usually reinforced long 
slabs, which suffered from darnage 
in transverse joints. With few 
exceptions these pavements have 
been paved with asphait or 
rebuiit. Design principies and 
working techniques have been 
changed after the War and ai-
though the objects are few ali 
Scandinavian countries have 
experiences of the durabiiity 
of concrete pavements and of the 
need and measures of rehabili-
tation. 
D-cracking, joint damage and dif -
ferent kinds of surface defects 
(scaling) have been common damage 
types of the post-war concrete 
pavements in Denmark. In connec-
tion with rehabiiitatjon projects 
tests have been made to find 
suitable repairing methods. 
Miiling and thin overiays of 
local damage have been of inte-
rest, but the resuits have not 
been satisfactory. Danish experi-
ences of rehabiiitation of 
concrete pavements have been re-
ported by the road authorities 
/47/. 
In Sweden rehabilitation ex-
periences concentrate on the 
southern Malmöhuslän where ali 
the oidest concrete pavements 
are situated. Totally more than 
60 km of reinforced concrete 
pavements on unbound base were 
buiit in different phases between 
Maimö and Heisingborg in the 
1960s. These sections have been 
paved with asphait since 1984; 
the service iife of the concrete 
pavement was about 20 years. 
Before laying with asphait 
iifting of slabs, milling and 
patching were undertaken to a 
considerable degree due to 
settlement and joint darnage on 
these roads. The rehabilitation 
works were considered incon-
venient although average annuai 
costs remained rather low. A 
summary of rehabiiitation costs 
pubiished by the road authorities 
is shown in Figure B2-50. Con-
crete pavements of the 1970s as 
appears from the Figure have 
been made with unreinforced 
siabs on cement-treated base. 
An improved service level and a 
ionger service life are expected 
of them. So far these sections 
are in a good condition (Figures 
B2-51, B2-52), however, the 
Veilinge-Maimö road buiit in 
1972 wiii demand miiiing or other 
actions due to studded tyre abra-
sion. /64/ 
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FIGURE B2-50. Summary of the 
latest rehabilitation costs of 
Swedish concrete pavexnents /53/ 
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FIGURE B2-52. Concrete paveinent 
on the road section Väla-Hyllin-
ge, E4, Helsingborg built in 
1978. Tests to move driving 
lines are being made in summer 
1988. 
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Norway has long traditions of 
concrete pavements in bridges and 
tunnels; experiences on roads are 
concentrated on the Vestfold 
county, where concrete pavements 
have been built on the Main 
Road E4 both before and after 
the War. Rehabilitation methods 
are actively developed owing to 
the special requirements of 
bridges and tunnels. The latest 
interest has been directed to 
the development of wear-resistant 
concrete and of an applicable 
grinding method. Decisive pro-
gress has taken place in these 
questions as appears from report 
B3. 
Finland 	has 	rehabilitation 
experiences of both pre-war and 
newer concrete pavements. Lifting 
of slabs and other heavier 
repairing measures have been 
undertaken on oider pavements 
in the 1950s and 1960s. Joint 
repairs or small patchings with 
epoxy - which have sometimes 
also failed - have been the 
actions on newer pavements. 
Repairing or rehabilitation 
methods have not especially 
been developed nor own manuals 
published in Finland. 
The most uniform experience of 
concrete pavernent is available 
of the Ylikylä-Parainen road (see 
B17), which was built in 1958-59 
and served for 25 years before 
it was paved with asphalt. It has 
been necessary to replace slabs 
with new ones or to pave them 
with asphalt at some culverts 
due to settlement or blow-ups. 
Cracks were formed in joints 
and they were patched with 
asphalt. No faulting of slabs 
occurred. Evenness was well 
preserved /57/. Ruts caused by 
studded tyre traffic and by 
access of a detrimental amount 
of water were the actual reasons 
for paving the road with asphalt 
after 25 years of service. 
B 29 	SU?IMARY 
The hard truth dawned on the con-
crete-using countries in the 
1970s when the 'everlasting' 
concrete pavements built after 
the War began to approach the 
end of their service life. The 
causes for the fatigue and 
damage had to be investigated 
and profitable means for their 
repair, 	rehabilitation 	and 
reconstruction had to be found. 
In addition to the natural stress 
caused by climatic variations the 
foliowing reasons, among others, 
could be stated: 
- traffic stress exceeding the 
prognoses 
- failures in design and con-
struction 
- negligence of rnaintenance 
- inconvenience of maintenance 
and lack of applicable re-
pairing methods 
These observations started very 
lively development and investi-
gation activities at the begin-
ning of the 1980s. The results 
can already be seen: 
- repairing methods have been 
tested and developed; new 
handbooks have been published 
- the significance of preventive 
maintenance was understood 
- paving techniques have been 
developed (e.g. breakthrough 
of the slip-form method) 
- dimensioning of new pavements 
have been adjusted (thicker and 
shorter slabs) 
- repaving methods and recycling 
have been developed 
- cost awareness has improved, 
use of life-cycle costs in 
comparisions has become general 
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And the development goes on. 
Efficient equipment and methods 
for the repair of most defects 
and for the rehabilitation of 
concrete pavements can be found. 
The next step is to acquire the 
needed professional skill to be 
able to utilize the methods and 
to find proper practical appii-
cations for each country. 
The special issue for Finland is 
the studded tyre wear of concrete 
pavements and the rehabilitation 
of rutted pavements. Among 
others, rehabilitation methods 
of ruts have been dealt with in 
this section of the report. 
Grinding seems to be the most 
reliable and profitable method 
of them, at least for the time 
being. Grinding of concrete 
pavements is a routine method 
in the United States, it has been 
applied to rut grinding, especi-
ally in Norway. In Finland ruts 
have been milled in connection 
with one project only. In the 
future it would be important to 
acquire own experiences of 
diamond grinding by performing 
wider trial works and research. 
Renewing of concrete pavements 
has always been considered 
expensive and repairing incon-
venient. Reconstruction and 
rehabilitation have their prices, 
the profitability of these 
measures depends on how wisely 
a maintenance strategy will be 
chosen and how professionally 
the work will be done. To a great 
extent, repairs will always be 
undertaken by hand and they will 
also be inconvenient due not 
least to the inconvenience 
caused for traffic. That is why 
the development of design and 
working methods are important. 
The need for repairs of newly 
designed concrete pavements 
will essentially be smaller and 
their service life longer than 
those of the previous generation 
where long slabs and the low 
strength of concrete have proved 
to be the weak points. 
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B3 
CONCRETE PAVEMENT WEAR DUE TO 
STUDDED TYRES 
B 30 	INTRODUCTION 
One of the most important quali-
f±cations of a road pavement in 
Finland is its wear resistance 
under studded tyre traff±c. 
Concrete pavements are known to 
resist wear better than asphalt 
pavements. Wear resistance 
values that are 2,5. ..5,0 times 
higher than those of asphalt 
have been measured for usual 
road concretes. This fact cannot 
but arouse interest in f±nding 
new ways to manage the ever-
worsening wear problems of 
pavements. But there are stili 
many questions to be answered 
as far as the use of concrete 
in studded tyre traffic is 
concerned: how wear resistance 
of the concrete pavement can 
further be ±rnproved; how a 
rutted concrete pavement can be 
repaired and at what price; 
what kind of a wear relation 
compared with asphalt pavements 
can reliably be reached; is the 
wear an additional threat or a 
possibility for the growing use 
of concrete pavements. 
Up-to-date knowledge from abroad 
is available only from Norway 
and Austria. Wear qualifications 
of concrete pavements were 
energetically studied elsewhere 
in the 1960s but after the 
prohibition of studded tyres-
or after their decreased usage-
in the beginning of the 1970s 
the interest in further deve-
lopment of wear-resistant road 
concrete ceased. In Finland 
concrete-paved test roads have 
been built at intervals of 2-5 
years and the qualification 
concepts of wear-resistant road 
concrete has become established 
at the same time, although 
there are stili many questions 
to be answered. The development 
of wear qual±fications of con-
crete pavements was given a new 
push again, when a research 
project was started in Norway 
in 1984. A mutual investigation 
was carried out in 1987 to 
adjust the Norwegian and Finnish 
experiences for further deve-
lopment of the road concrete; 
the Norwegian and Finnish cross-
studies of equal concrete mixes 
were performed by test track 
runs in both countries. 
Wear resistance of concrete 
pavements primarily based on 
the Norwegian and the latest 
Finnish data ±5 dealt with in 
this section of the report; a 
general view on the wear resist-
ance cr±teria of pavements 
under studded tyre traffic is 
also given. 
B 31 	PAVEMENT WEAR AND STUDDED 
TYRES 
B 311 Wear develops into a 
probiem 
As a matter of fact the wear of 
road pavements was an unknown 
conception all over the world 
till 1960. The wear was consid-
ered polishing and weakening of 
friction qualities of old pave- 
ments. But the use of steel 
studs spread like wildfire in 
all cold countries s±nce the 
beginning of the 1960s and th±s 
soon created a new kind of a 
problem - rutting of pavements. 
Studs cut down the braking 
distance on icy roads and im-
proved clearly the sense of 
safety in drivers, although 
their total effect on the traffic 
safety was and still is criti- 
cally discussed. When studded 
tyres grew in use due to lack 
of restricting rules, the dis-
advantages became quickly evi- 
dent. Road markings wore off 
and ruts began to form on tyre 
lines. Puts reduced driving 
comfort, decreased operating 
speed, 	caused splashing of 
water and danger of aquaplaning 
and reduced safety especially in 
lane-changing situations. 	In 
the 1960s the wear problem was 
first intensified in countries 
where traffic-flows were the 
highest as in North America and 
in Central Europe. This was 
altogether a new kind of problem, 
there were no conceptions nor 
means to study the rutting, 
there were no means to repair 
it. A decade of lively research 
activities foliowed. Studded 
tyre wear was investigated 
especiaiiy in road laboratories 
in Minnesota and Ontario, in 
Europe the probiem was studied 
in Germany, Switzeriand and 
Austria. Aiso Scandinavia had 
an energetic part in the investi-
gations. A wide wear investi-
gation programme both on test 
roads and test tracks was exe-
cuted in Sweden as eariy as in 
1963 - 64. A test track was 
built in the road and traffic 
laboratory of VTT also in Finland 
as early as in 1966. 
The 	intensive 	investigation 
stage ciarified the conditions 
of good wear resistance of both 
concrete and asphalt pavements. 
But at the same time it became 
evident that studded tyre traffic is a severe threat for the 
service iife of pavements; 
repaving and rehabiiitation 
costs are sharpiy increasing. 
This entailed in a stern re-
striction of the structure and 
use of studs. The use of studs 
were totaliy prohibited in many 
countries at the beginning of 
the 1970s. 
B 312 The use of studs is 
restrjcted 
To control the wear of pave-
ments restrictions of the size 
and number of studs, of their 
instaliation in tyres, of their 
operating time etc. were stipu-
iated ali over the world as 
eariy as in the mid-60s. However, 
these instructions gave only 
breathing-space, because in-
creasing traffic made the situ-
ation worse again and stricter 
stud instructions had to be made. 
By 1975 most stud-using countries 
had either voluntarily or with 
stipuiations banned the use of 
studs. 
A total prohibition of studs is 
in force only in ten states in 
the United States - only five 
of them are northern states. 
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The deciine in studded tyre use 
has mainly been achieved volun-
tariiy, there is no winter tyre 
compulsion, belted tyres faciii-
tate winter driving and the 
poiicy of 'bare roads' is a-
dapted; also the public opinion 
is against studded tyres. The 
studded tyre wear of pavements 
is no more a significant probiem 
in the United States. 
The use of studded tyres was 
prohibited in Canada as early 
as in 1971 after thorough inves-
tigations and public discussions. 
A complete prohibition came 
into force in Germany in 1975. 
There have been pressures to 
aiiow the use of studs but they 
have been prevented by new 
investigations, iast in 1985/40/. 
The use of studs is prohibited 
on the main road network in 
Switzerland, but allowed on 
inferior roads. It is under -
standable that the utiiization 
rate remains iow in such a 
situation. The use of studs is 
aiiowed on ali roads in Austria. 
The utiiization rate has, how-
ever, decreased -only to about 
10 % of cars - and the studded 
tyre wear is no more an acute 
probiem. The use of studs has 
not been significant in the 
Soviet Union or in other Eastern 
European countries. 
Scandinavia wiii soon be ieft 
alone 	to 	struggle 	against 
rutting. The use of studs is 
aliowed and the utiization rate 
is high. In Norway nearly ali 
passenger cars and about 60 % 
of heavy vehicles use studs 
from the lst of October to the 
lst of May. However, the authori-
ties try to shorten the utili-
zation time (it ended on April 
10 in 1988) . In Sweden the use 
of studs varies from about 50 % 
in the south to 100 % in the 
north. Heavy vehicles have not 
been equipped with studs; the 
use was compietely prohibited 
in 1989. The utilization time 
in Sweden is from the lst of 
November to the Easter. In 
Finland almost ali passenger 
cars and over haif of the heavy 
traffic use studs. A compulsory 
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use of winter tyres is in force 
in Finland and Norway, no corres-
ponding compuision has been 
stipulated in Sweden. 
The studded tyre wear of pave-
ments seems to be a permanent 
factor in road management in 
Sandinavia - especially in 
Norway and Finland, even to the 
extent that the main attention 
is paid to wear in the road 
technique and policy at least 
as long as a better balance 
between wear and wear resistance 
wili be reached. 
B 313 Regulations for the use 
of studs in Finland 
It has been legislated that the 
the point of a steel stud must 
not be sharp or tubular (Figure 
B3-l) . The stud protrusion from 
the tyre surface must range 
between 0,5 and 1,5 mm in passen-
ger cars and between 1,0 and 
2,0 mm in trucks. The static 
stud force must not exceed 0,12 
kN measured by a protrusion of 
1,2 mm in a passenger car tyre 
and correspondingiy 0,35 kN mea-
sured by a protrusion of 1,7 mm 
in a truck tyre. There must be 
10.. .22 studs pro each 300 mm 
of the tyre surface. In practice 
90.. .120 studs divided into 6 
rows on the tyre surface edges 
are instaiied in passenger car 
tyres (Figure B3-2) . The studs 
must be instalied on ali tyres, 
the outer double tyres of trucks 
can be stud-free. Studded tyres 
can be used from the lst of 
October to the 3Oth of April, 
two weeks shorter times are 
recommended in Southern Finland. 
The actual winter tyre compul-
sion concerns only December, 
January and February. 
The above stipulations concern 
only so calied fixed studs. The 
intention of the stipulations 
is to support the security 
aspect of studs but also to 
avoid disadvantages so that 
"they do not essentially damage 
the road surface". The wear is 
considerably affected especi-
ally by adjusting protrusion 
and stud force, but their re-
duction decreases also the grip 
of fixed studs. The development 
of the sleeve stud or of the 
security stud into a market 
product may open new possibilites 
to decrease the wearing stress 
without compromising with secu-
rity angies. 
FIGURE B3-1. Structure of a 
stud 
FIGURE B3-2. Studded winter tyre 
B 32 	PRINCIPLES OF PAVEMENT 
WEAR 
B 321 Emergence of wearing 
stress 
The wear effect of studs can be 
explained as foliows: 
- when touching the road surface 
the stud hits stone grains and 
breaks them 
- when pressed against the road 
surface the stud skids sideways 
and rubs the pavements with 
the stud force 
- when loosening from the pave-
ment the stud scratches the 
stone or binder mastic 
In normal road traffic ali 
these components are included 
and the wear occurs as a combined 
effect. The impact of the hit 
will be strengthened by an 
increase in driving speed, the 
rubbing will be strengthened in 
curves and the scratching for 
example in situations of braking 
and acceleration. On circular 
test tracks the driving is merely 
curve driving and thus it is 
mostly rubbing that causes the 
wear effect. It depends on the 
surface qualities of the pavement 
how the hit, rubbing or scratch-
ing will be able to penetrate 
into the pavement. 
The pavement-wearing stress can 
be considered to be the total 
product of the stud force and 
of the amount of stud stabs 
according to Figure B3-3. In 
practice both components are 
influenced by so many factors 
that establishing the wearing 
stress in advance by mathema-
tical caiculations gives inaccu-
rate results. I-iowever, an inves-
tigation of the different factors 
contributes to understand why the 
wear is so variable in prac-
tice. The stud force is in-
fluenced at least by the fol-
lowing factors according to 
Figure B3-3: 
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- the protrusion of the stud 
from the tyre 
The greater the protrusion the 
greater the stud force. In a 
worn tyre the protrusion will 
increase. 
- the stud quality 
The stud size and especially 
the amount and size of the 
attachement fianges increase 
the stud force. 
- the tyre quality 
The harder the rubber and the 
thicker the rubber layer under 
the stud head the greater the 
stud force. 
- the magnitude of the wheel load 
An increase in the wheel load 
results in an increase also in 
the stud force: coinpared with a 
passenger car stud a 10-15-fold 
stud force of a truck stud has 
been established in some inves-
tigations. 
- driving speed 
An increase in the driving 
speed results in an increase in 
the wear effect in proportion 
to the square of speed. Driving 
speed has a decisive effect on 
the extent of the wearing stress. 
- temperature 
Temperature has a diverse effect 
on tyres and air pressures. It 
is a combined effect that stud 
forces increase with a decrease 
in temperature. 
The amount of stud stabs depends 
on traffic and tyre factors and 
on the studding procedure. At 
least the foliowing influental 
factors can be seen: 
- the amount of studs per 
tyre and the tyre size 
These factors determine how 
many times the stud hits the 
road surface when the vehicle 
is moving. Generally, a normally 
studded passenger car tyre is 
calculated to hit the road 65 
times/m; the corresponding 
figure of a truck tyre is 30 
times/m. 
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- the amount of studded tyres 
per vehicie 
Ali passenger car tyres are 
studded but the use of studs in 
trucks is less cornmon (approxi-
mateiy 3,5 tyres/truck) 
- the amount and composition 
of traffic 
The total traffic fiow during a 
studded tyre season and the 
share of heavy vehicles are 
naturally the most important 
variables in defining the wearing 
stud stress. The wearing stress 
of heavy vehicies is 2,5 - 4,0 
times higher than that of pas sen-
ger cars. 
- the utilization rate and 
time of studs 
The utilization rate of studs 
in cars is nearly 100 % in the 
middie of winter, but the rate 
remains clearly lower in autumn 
and in spring. The utilizatiofl 
rate of studs in trucks is 
about 80 % in northern Finland 
and about 40 % in southern 
Finland. Studs are used for 
more than haif a year, 6-7 
months annually. 
Wheel load 
speed 
Stud structure 	ttemperature 
IWheel structure 	Driving 1 
usion\j Stud 
Studded 
tires/vehi cl 
Studs 
Traff 1 c flow and composi ti o 
Annual 
uti 1 ization time and rate 
1 Amount of Stud force [ 	x 	j stud hits 
Wearing stress 
-chafing 
-hitting 
-scaratching 
FIGURE B3-3. The wearing stress 
of the stud and causes affecting 
the wear 
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B 322 Wear resistance 
The fact how well the pavement 
endures the above described 
wear stress of studded tyre 
traffic depends most essentially 
on the inner structure of the 
pavement but also on the traffic 
environment and climate (Figure 
B3-4) 
General characteristjcs of the 
wear-resistant pavement are: 
- a rigid and homogeneous 
aggregate 
Wear of a pavement is rnainly 
wear of aggregate. That is why 
the aggregate quality has a 
decisive effect. The wear-resis-
tance of an aggregate is best 
described by the improved impact 
value and the abrasion value, 
also the LosA-value ±5 suitable 
for a rough estimation. Ali 
these values are as small as 
possible in a good aggregate. 
If the aggregate contains dif-
ferent kinds of aggregate gra±ns 
as to their wear res±stance the 
pavement wears unevenly. Thus 
the homogeneousness - along 
w±th the wear resistance - of 
an aggregate is most ±mportant 
for a wear-resistant pavement. 
- a great share of rough 
aggregate on a pavement 
surface 
The wear resistance of stone is 
generally always greater than 
that of a binder and of a mastic 
composed of fine aggregates. In 
pract±ce it has been proved 
that add±tion of rough aggregates 
can ±mprove the wear resistance 
of the wearing surface. Th±s 
means a gap in the grading 
curve of the aggregate, or 
texturing the pavement with a 
surface treatment with chippings. 
As far as concrete ±5 concerned 
wash±ng the fresh pavement 
surface reveals the rough aggre-
gates and reduces the initial 
wear. 
Weari ng 
stress 
Pavernent 	J Pavement 
wear rutting 
E.G. cm2/lane 	E.G. the max, 
cross-sectjon rut depth mm 
Wear resistance Climate Traffic 
of pavement conditios environment 
- strength of - temperature - road width 
aggregate - moisture - road geometry 
- share of the condition - optical 	quiding 
coarse aggregate 
- breaking/acceleratjon 
- 	stability 
- etc. 
- binder quality 
- homogeneousness 
of the surface 
- 	etc. - 
FIGURE B3-4. The factors af-
fecting the wear and rutting of 
the pavement 
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- a good stability of the 
pavement mix and a firm 
bond between the aggregate 
and the binder 
As far as the wear is concerned 
the task of both fiilers and 
additives is to form a firm 
"bed" for the wearing aggregate 
so that the aggregate grains 
remain reliabiy attached to the 
bed in ali conditions. The 
better wear resistance of the 
concrete pavement is partly due 
to the fact that the cement 
bond is rigid and the wear is 
"pure" wear. Asphalt pavements 
have a flexible bond; hence 
loosening of aggregates and 
deformation of the pavement mix 
occur as well. 
The wear qualifications of both 
pavement types can greatly be 
influenced by changing the 
composition of the mix as is 
shown later in connection with 
concrete pavernents. 
The climate affects the wear of 
the pavement through moisture 
and temperature (Figure 33-4) 
A damp pavement wears off more 
quickly than a dry pavement. 
This concerns both pavement 
types, (Figure B3-5) . The annual 
wear is thus greatly influenced 
by the fact how many days there 
are during the winter when the 
road surface is bare and the 
pavement wet. The winter tempera-
tures do not affect the wear of 
concrete pavements, instead, 
the wear of asphait pavements 
is at its lowest in tempera-
tures of -5.. .+5C and is multi-
plied in severe frost (Figure 
B3-5) 
B 323 Wear - rutting 
Rutting of the pavement means 
that pavement material is loos-
ening from the road surface. 
The amount of material ground 
away per one road kilometer per 
vehicie is regarded as a meas-
uring unit of the wear. Inter-
nationally the figure is known 
as a SPS-value: 
1 SPS = 1 g/km/vehicle (or = 
lt/km/10 6 vehicle) = the specific 
wear of the pavement 
The specific wear can be inves-
tigated in the field by measuring 
areas of a worn cross-section 
and traffic fiows (Figure B3-
6) . SPS-values of different 
pavement materials are defined 
by accelerated wear tests in 
laboratories. Typical SPS-values 
for standard aspahit or concrete 
pavements could be: 
SPS=30±5 g/km/vehicle asphalt 
SPS=10±5 	-"- 	concrete 
The actual inconvenience is 
caused by concentration of the 
wear on wheel paths, i.e. by 
the rutting of the pavement. 
The rut depth is a measuring 
unit of the rutting phenomenon 
(Figure 33-6) . The rut depth 
formed during one year in rela-
tion to the cross-section traffic 
is generally used as a rating 
index illustrating pavement 
quaiifications. 
Uo [mm/year/1000 ADTI = specific 
rutting. The rut depth formed 
during one year in relation to 
excesses of studded tyres are 
also used as a rating index: Uo 
[mm/year/10 6 studded tyre veh.] 
= specific rutting. 
When using these rating indices 
it shouid be noted that rut 
depth usually refers to the 
average rut depth of the road 
section concerned or that the 
term, 1000 ADT, does not directly 
describe the amount of the 
studded tyre traffic stressing 
the lane. However, it is suitable 
for the proportioning of the 
measured rut depths to the 
traffic because the ADT-value 
is always available. On roads 
with one carriageway the ADT-
value is used as such, as an 
amount of two-way traffic; 
coefficients based on the lane 
number are used on motorways. 
As rating indices describing 
the magnitude can be mentioned: 
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ASPHALT PAVEMENT 10 
9 
8 
7 
6 
NOTE 
Abrasion 	in a dry 
temperature of 0 0 =1 
-25 	-20 	-10 	 0C 10 
CONCRETE PAVEMENT 
t'lc1E wet 	II _____ Abrasion in a dry 
1II1t11111 
temperature of 001 
1 
-25 	-20 	-10 0C 10 
FIGURE B3-5. The relative wear 
of pavements when dry and wet 
in different temperatures /29, 
25, 39/ 
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Worn-out cross- 
section A (cm2) 
Amount of worn- 	 - 
out mix M (g) 
The maximum rut 
depth h = hnjax (mm) hhmax 
Average wear h 1 = --- 
h1A 
b=width of the lane or 
other studied width 
Relative wears S ( %/100) 
S describes the wear of the pavement in different 
conditions in relation to a certain starting leveI 
Specific rutting (rutting speed) 
Uomm/v/1000 ADT or 
Uo=nim/106. Studded tyre vehicle 
Specific wear ( wear speed) 
KoSPS-va1vet/km/1O 6 . Studded tyre vehicle 
=g/km/studded tyre vehicIe 
FIGJJRE 83-6. Concepts regarding 
wear and rutting 
asphalt: 
addition of a rut 0,45 ± 0,15 
mm/year/1000 ADT 
concrete: 
addition of a rut 0,12 ± 0,05 
mm/year/1000 ADT 
Especially the road environment 
where the pavement is situated 
affects the rutting of the 
pavement according to Figure 
83-4. The same pavement on the 
same road ruts in a different 
way on different parts of the 
road depending on e.g. the 
foliowing facts: the width of 
the lane, the siack margin for 
the car, the width of shoulders, 
the line and grade of the road 
and the opticai guidance. These 
factors either produce identical 
driving lines or disperse them 
at the total width of the lane. 
Development of the rut depth 
can thus be retarded by wider 
roads, a better road geometry 
and by other corresponding 
measures. Also many psychological 
reasons affect the rutting, for 
example it has been proved that 
a visible rut concentrateS 
driving lines just into the rut 
which again acceierateS rutting. 
Rutting on concrete pavements 
is entirely caused by wear, 
whereas on asphalt pavements it 
is regarded that approximately 
20 % of the rut depth is caused 
by deformation of the pavement 
and structure during the suramer. 
Abroad where studs are not used 
at ali the most heaviiy-traf-
ficked asphalt pavements rut 
detrimentaily merely because of 
thermal deformation. Deformation 
has spoiled a new asphalt pave- 
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ment in single cases also in Fin-
land. Elimination of the de-
formation danger is one of the 
reasons when a change of the 
most heavily-trafficked asphalt 
pavements into a concrete pave-
ment is considered in many 
countries. 
B 324 Allowed rut depths 
Definiton of the allowed maximum 
values for rut depths is a 
question subject to considera-
tion. Generally, gathering of 
water in the rut is regarded as 
a primary viewpoint. Although a 
5-rnm-rut is often considered 
detrimental due to splashing of 
water, only ruts of approxi-
mately 20 mm are generally 
regarded as dangerous due to 
acquaplaning. 
The crossfall of the road con-
tributes greatly to the fact 
how quickly an injurious amount 
of water is gathered in a rut 
and how deep a rut can be al-
lowed. Due to insufficient 
financing it is necessart to 
make also road politics on the 
allowed rut depths; the tolerance 
will be set on the level of 
financing possibilities. 
A general principle of the 
Finnish pavement design of 
public roads /27/ is that the 
average depth of the outermost 
rut before repaving measures 
should be at least equal to 
what is shown in Figure 33-7: 
A 13-32 mm deep rut would thus 
be a threshold to repaving 
actions depending on the traffic 
flow and on the speed limit of 
the road. Excesses of limit 
values on the paved road network 
are few (about 1,5 %) after the 
paving season in autumn, but by 
the spring the actual rut depths 
on pavements to be repaired are 
considerably greater than the 
allowed values. In Finland 
about 700 km of roads are repaved 
every year merely because of 
rutting which costs more than 100 
million marks. 
B 325 Investigation of wear 
qual i fications 
The most reliable picture of 
the wear resistance of pave-
ments and of rutting is ob-
tained by building test pave-
ments of real materiais in a 
real scale in real traffic 
conditions and by studying wear 
and rutting by means of field 
measurements. Pavements can 
also be developed on the basis 
of the rut measuring data avail-
able from the paved road network. 
This is also possible as far as 
asphalt pavements are concerned 
in Finland, but concrete pave-
ments are so few and their 
annual wear rate so small that 
accelerated laboratory tests 
are necessary. 
Rut depth 	(mm) The average rut depht of a 
road section measured with speed 
N1inhit 
a rut indicator and added by 
ADT N <60 80 100 120 the average wear of the time 
between the nieasuring date 
>1500 32 23 20 16 and the pavinj date should 
1500-6000 29 21 18 14 be at least the valve 	shown 
>6000 25 18 15 13 
in 	the table when decisions 
about the renewal 	of the 
pavement are to made. 
FIGURE B3-7. Criteria for re-
paving a rutted pavement 
according to the publication 
'Päällystesuunnittelu 1984' /27/ 
-169- 
FIGURE B3-8. Wear test track in 
the laboratory of Norcem in 
Slemmestad, Norway /15/ 
Studded tyre wear has been 
investigated in laboratories 
since the 1950s. A typical test 
device is a horizontal wear 
test track (Figure B3-8) where 
a machinery rotates studded 
tyres along a cycie of a few 
meters where the test pavements 
have been piaced as segments 
(Figure B3-9) . In principle equal 
devices were taken into use in 
tens of laboratories ali over 
the world when the use of studs 
became general. The test tracks 
in Finland and Norway may be 
the only ones in active use at 
the moment. Because results of 
test track runs made on Norwegian 
and Finnish test tracks are 
studied later on, the character-
istic information on these two 
is given in Figure B3-lO. The 
Norcern track is heavier and it 
is especially planned for wearing 
of concrete slabs. The test 
track of VTT has been planned 
for asphalt pavements; the 
small depth of the form (6 cm) 
has hindered research of concrete 
pavements. The thickness of the 
slab could be raised to 9 cm in 
the latest comparision investi-
gations. 
FIGURE B3-9. A wearing conical 
tyre in the test track of Norcem 
/15/ 
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THE FINNISH TEST TRACK THE NORWEGIAN TEST TRACK 
Taken 	into use 1966 1985 
Location VTT, 	Road and traffic Norceni AG, 	Road 	lab. 
lab. , 	Espoo Sleniniestad, 	Norway 
Track, 	dianieter 3,66 / 	3,06 6,0 	ni 
speed 32 	krn/h 56. . .70 	kni/h 
wheels 4 pcs 4 pcs 
wheel 	oad 3,3 	kN 25 kN 
Tyre, type Normal 	ha-tyre Vulganized, 	conical 
NR 09 165 x 	13 truck-tyre 
studs 120 pcs 400 pcs 	(12/17 mm) 
pressure 200 KPa 750 KPa 
Track form, nuniber 6 pcs 12 pcs 
depth 6 	(9) 	cm 25 cm 
Driving conditions, 
nioisture Wet / dry Wet / dry 
temperature n. 	+50C No cooling 
Range of use Asph. 	(Conc.) Conc. 
FIGURE B3-1O. The Finnish and 
Norwegian wear test tracks 
(horizontal tracks) 
Also other kinds of wear test 
tracks are used. The best known 
in Finland may be the vert±cal 
track of Neste Oy which was at least once used for research of 
concrete samples /25/. Also so 
called bearing tracks - which are 
horizontal tracks - have been 
used for research of wear quali-
fications. The laboratories of 
Neste Oy in Porvoo (diam. 3,7 
m) and of LCPC in France (diam. 
about 30 m) have this kind of a 
device. Mainly a milling device 
measuring wear qualifications 
of concrete for research of 
arctical applications has been 
taken into use in the concrete 
and silicate laboratory of VTT 
in 1987. The Tröger-device deve-
loped in Germany is perhaps the 
best known laboratory device 
where a test sample rotating 
horizontally around its axle is 
shot at with hard metal pins. 
The device imitates consider-
ably well the wear caused by 
studded tyres. The same con-
cerns also the wear device of 
drilling sampies ('Sisto' -device) 
developed by the road and traffic 
laboratory of VTT where small 
wheels equipped with standard 
studs wear the drilling sample 
from the side. Neither of the 
available testing devices de-
scribes satisfactorily the 
actual road wear. Rence the 
results of test track runs are 
to be calibrated to field meas-
urements before making any 
final decisions. However, maximum 
ruts on a pavement can be worn 
on test tracks in 1 - 3 weeks 
and thus essentially accelerate 
the investigation and develop-
ment of more durable pavement 
types. 
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B 33 	WEAR RESISTANCE OF 
CONCRETE PAVEMENTS 
Before the comparision of wear 
resistance of concrete pave-
ments with that of asphalt 
pavements in Chapter 3 34, 
there is reason to make "concrete 
to cornpete with itself", in 
other words to study those 
factors that make the concrete 
pavement wear-resistant. 
B 331 The characteristics of 
the wear-resistant 
concrete pavement on 
the basis of earlier 
investigations 
The concrete pavement is dimen-
sioned to those repeated stresses 
which are caused by traffic 
loads and variations in the 
climate. Concrete is proportioned 
to a certain compressive and 
fiexural strength without for-
getting frost resistance. The 
construction work aims at good 
evenness and the surface tex-
turing at good friction quali-
ties. 
Studded tyre wear is a strange 
factor in this picture. It 
reduces the effective thickness 
of the siab, demands entirely 
new qualities of concrete and 
nullifies the significance of 
texturing. Good wear resistance 
of the concrete mix is thus an 
essential question except for 
the serviceability also for the 
durability of concrete pavernents. 
Before introduction of studded 
tyres in the 1950s the pavement 
concrete mix was made of Portland 
cement and of local pure aggre-
gates. The grading curve was 
constant and the maximum grain 
size great (> 40 mm) . The rough 
aggregate had to be, at least 
partly, crushed. Cement was 
used 250 - 300 kg/m3 and the 
aim was a compressive strength 
of about K30 at the age of 28 
days. The water/cement ratio was 
high (> 0,50), the casting was 
undertaken with fixed-form 
machines and vibrating beams. 
The frost resistance was ensured 
with advance tests by adjusting 
the amount of cement. 
Although these proportioningS 
of concrete mix did not pay at-
tention to wear demands at ali, 
they generaily endured studded 
tyre wear clearly better than 
asphalt pavements, depending, 
however, on the wear qualities 
of the basic aggregate. Wear 
results of a test track run 
made with traditionai pavement 
mixes in Minnesota are shown in 
Figure B3-1l. Inspite of the 
relatively good wear resistance 
it was generally regarded that 
also concrete pavements wear 
too much, especially when repair 
methods were not known. When a 
research programme to improve 
the wear resistance of concrete 
pavements was started at the 
same time in many countries in 
the 1960s /1,2,3,5,6,41/ it was 
soon discovered that the quality 
and amount of rough aggregates 
(as hard as possible, crushed) 
were the main factors in the 
improvement of wear resistance. 
It was discovered e.g. in Minne-
sota that by changing the rough 
aggregate and with addition of 
cement by 15 % a 10 % better 
durability was achieved than 
that in Figure B3-11. This 
procedure, however, resulted in 
an additional cost of 25 % 
compared with traditional con-
crete mixes. A Swedish investi-
gation proved that a decrease 
_______________ 
2 	 3 	 4 
Ulillani of Tir. Passes 
FIGURE B3-11. Wear rates of 
different pavement types in 
studded tyre traffic, Minnesota 
1970 /1/ 
I6 
0S 
0 04 
0 
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in water/cement ratio and power-
ful vibration improved the wear 
resistance of concrete, whereas 
an increase in the amount of 
cement, did not give better 
results. It was shown in Austria 
that the gap in the grading 
curve, the good quality and the 
great share of the rough aggre-
gate and the great maximum size 
of grains are important for a 
good durability (Figure B3-
12). According to the figure 
the Austrian experience showed 
that a correct choice of the 
rough aggregate can resuit in a 
fourfold improvement of the 
wear resistance of the pave-
ment. The increase in compres-
sive strength was proved to be 
positive but expensive. 
Also modified concrete mixes 
were investigated. It was proved 
in the United States that a 
considerable improvement cannot 
be reached with iatex-based 
add±tives. Instead, the use of 
epoxy decreases efficiently the 
wear, but it causes slipperiness 
and is very expensive. /1/ 
At the same time as research 
activities slackened in con-
nection with the prohibition of 
studded tyres ali over the 
world, the best results of the 
foreign investigations were 
adopted in Finland and wear-
resistant concrete was developed 
in connection with test roads. 
/18, 19, 21, 22, 25, 28, 29, 30, 35/ 
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FIGURE B3-12. The significance 
of the aggregate quality and 
grain size distribution for the 
wear resistance of concrete 
pavements according to an 
Austrian investigation /6/ 
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In Finland the following crite-
ria have generally been regard-
ed as characteristical features 
of the studded-tyre-wear-resist-
ant concrete pavement: 
concrete: K50. . .K60 (91 days) 
water/cement ratia: 
<0.40 
binder: 	cement and blast- 
furnace slag in a 
propartian of 50/50 
additives: plasticizer, 	air 
entrainment agent 
rough aggregate: 
crushed rock the 
mineral composition 
of which is even, 
firm and pure, the 
max. 	grain 	size 
about 32 mm 
fine aggregate: 
natural sand 0.. .4 mm 
praportioning of aggregates: 
a gappy curvature, no 
grains af 4.. .8 mm, 
Figure B3-13, the 
share of the raugh 
aggregate more than 
60 % 
The high compressive strength, 
the low water/cement ratia, the 
inconstant grading curve and 
the great share of the rough 
aggregate have been regarded as 
important qualifications of the 
wear resistance. However, the 
quality of the rough aggregate 
has a decisive importance to 
the specific wear of the pave-
ment. When using best pavement 
aggregates the foliowing value 
of the specific rutting of the 
concrete pavement proportioned 
by the above principles is 
adopted in Finland: 
0,l2mm/year/1000 ADT 
This value is the basic value 
of the concrete pavement wear 
in the Finnish design instruc-
tions of concrete pavements. It 
is based on the experiences re-
ceived so far af rutting meas-
urements in the field and on 
test track runs made in connec-
tion with construction. 
• - _II I! • .. ___ •_ - _I1,Im 
.1 • • • 
•____-_____ 
__ -I,III 
•1 ________w4iii _____ -__- __ __ __iIHI YAIUI • •______IIuI • • _ ___ 
1111111 
FIGURE B3-13. Gappy design 
curvature for the aggregate of 
concrete pavement 
SANO GRAVEL ____________ 
Fine Medium Coarse Fine Medium Coarse 
A good wear resistance is not 
only a resuit of a good con-
crete mix but also of a succes-
ful performance of the work. 
The aim is to have as much 
rough aggregates near the surface 
as possible. An unhomogeneous 
mix will be revealed as uneven 
wear. Too high a water/cement 
ratio and an incorrect spreading 
method may resuit in a cement 
grout layer on the pavement 
surface, which may wear quickly. 
B 332 A new Norwegian develop-
ment project to further 
improve the wear resist-
ance of concrete pave-
ments 
The wearing probiem on heavily-
trafficked roads in Norway is-
if possible - stili more diffi-
cult than in Finland. Ali pas-
senger cars and about 60 % of 
heavy traffic use studs, the 
roads are considerably narrow, 
traffic is concentrated on the 
few main roads because of the 
mountainous topography. Concrete 
pavements have been bulit as 
single projects during decades, 
but concrete has not been used 
in a wider scale. The latest 
project was the two-lane concrete 
pavement of 6,0 km built on the 
road section of E18 Klinestad- 
Langker in the county of 
Vestfold south of Oslo in the 
1970s. Good road concrete of 
quality ciass 045 (corresponding 
K45) was used on this road 
section; its qualifications 
correspond to the principies 
mentioned in Chapter 331. A 2-
3 times better wear resistance 
than that of an asphalt pavement 
was expected. Rutting measure-
ments on the concrete pavement 
and on the adjoining asphait 
pavement prove that this target 
has been reached. The rut depth 
development of the concrete 
pavement has been approximately 
0,28 rnm/year/1000 ADT in five 
years. 
Aithough rutting of the con-
crete pavement is ciearly siower 
than that of the asphalt pave- 
-174- 
ment, the wear wili in the iong 
run resuit in repair actions 
aiso as to concrete pavements. 
It was discovered that to 
strengthen their competitivefleSS 
in studded tyre conditions the 
wear resistance of concrete pave-
ments is stiil to be improved. 
An opportunity for this deve-
lopment work aroused in Norway 
when a decision was made to go 
on with the reconstruction work 
of the Main Road E18 with con-
crete. This took piace in 1984 
and the 6-km-long road section 
Kiinestad -Tassebekk was paved 
with concrete in 1986. Mean-
while a wide research prograrnme 
for the development of even 
more wear-resistant road concrete 
was executed in co-operation with 
the roadauthoritieS, contractorS 
and the cement industry. 
Wear tests of different con-
crete mixes made on the wear 
test track (Figure B3-8) of 
Norcem Cement formed the basis 
of the research programme. 
These tests were compieted by 
other laboratory investigations 
on concrete and by rutting 
measurements in the fieid. The 
new test track was especiaiiy 
built for this project and the 
research prograrnme was made out 
and executed in close co-opera-
tion between the different 
parties. The 1986-concrete 
pavement was built on the basis 
of the interesting - even sur-
prising - resuits of this re-
search project; these results 
have been pubiished by both the 
road authorities (Vejdirekto-
ratet) and Norcem Cement /7,5/. 
The main resuits of the deve-
lopment project are: 
- The compressive strength of 
the concrete has a decisive 
significance for wear resist-
ance. An increase in the com-
pressive strength from 045 to 
C75 decreases the wear by 50-
65 %; an even stronger increase 
in the strength improves the 
wear resistance even further 
but not as efficiently (Figure 
B3-14) 
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FIGURE B3-14. The relative wear 
of concrete pavement as a 
function of compressive strength 
and air volume according to a 
Norwegian investigation /7/ 
- Good frost resistance without 
air entrainment is achieved 
with high strength concrete 
mixes. Air entrainment would 
reduce the compressive strength 
by 5 - 6 % per one air volume 
percent and affects the wear 
resistance in the negative. 
Thorough salt scaling frost 
resistance tests show that 
frost resistance is excellent 
without air entrainment /7/. 
- The maximum grain size of 
aggregates is only of little 
importance as to wear resis-
tance, when it is a question of 
high strength concrete. A smaller 
grain size improves the driving 
comfort of a worn-out pavement 
and reduces the noise level; 
thus Dmax = 22 mm was chosen 
for the latest pavement and the 
use of Dmax = 16 mm is being 
planned for following projects. 
- The gappy grading curve does 
not result in a better outcome 
than the constant grading curve. 
- The qualities of the rough 
aggregate finally define the 
limits within which the wear 
resistance can be affected. 
Only the best is good enough 
for the most heavily-trafficked 
roads but elsewhere the aimed 
wear resistance can generally 
be achieved with local aggre-
gates by adjusting the quality 
class of the concrete mix. 
- Owing to the friction quali-
ties of the worn-out surface 
such a quality class of con-
crete should be selected on the 
basis of wear tests that rough 
stones remain on the surface as 
the wear advances. If the wear 
qualifications of rough aggre-
gates and fine additives are 
similar in high strength con-
crete, the pavement may become 
siippery. 
- Also the quality of fine 
aggregates plays a more impor-
tant part in the wear resis-
tance than earlier assumed. 
Crushed sand fraction gives 
better results than natural 
sand. 
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- Wet wear is about three times 
greater than dry wear and it is 
not easily affected. Also massive 
natural granite wears more when 
wet than when dry. 
- Addition of steel or plastic 
fibres has not significantly 
improved the wear resistance of 
the concrete slab. 
- The results of the research 
were directly based on the 
Klinestad - Tassebekk project 
when the concrete mix propor-
tioning (Figure B3-15) and the 
target of the specific wear 
were defined. The best aggre-
gate (Hornfels) of test runs 
obtained a specific wear of 
0,10 mrn/year/1000 ADT (80 % 
wet/20 % dry) for the 075 con-
crete, but another aggregate 
(Syanittprofyr) was, however, 
used for the job. Its specific 
wear was measured as 0,14 mm! 
year/1000 ADT. 
The addition of the strength 
level from 040 to 075 raised 
the costs of the concrete pave-
ment approximately by 15 %. The 
rise in construction costs were 
affected at least by the fol-
lowing factors: development 
work, wider preliminary tests, 
a better cement quality and a 
greater amount of cement, greater 
demands on the production of 
the mix, more accurate restric-
tions of the quality control, 
better rough and fine aggregates. 
STRENGTH CLASS 075 
kg/m3 
Cement(SP3O4A) 380 
Water 150 
v/(C + s) 	= 0,38 
Sand 742 
Crushed gravel 8... 16 559 
Crushed gravel 16. . .22 559 
Silicate 15 
Plasticizer 3 
FIGURE B3-15. Proportioning of 
the Norwegian C75 concrete /11/ 
The increase in the construc-
tion costs is compensated by a 
more than 2 times higher service 
life compared with the 040 
pavement and by a reduction of 
maintenace costs to li'5 of the 
earlier level as shown by the 
calculation in Figure B3-16. 
Some of the results of this 
Norwegian investigation may 
cause objections or they may be 
in contradiction to experiences 
of other countries. In any 
case, the research is a proof 
of new possibilities in the 
concrete technology to solve 
the wear probiem in an essen-
tially better way than what is 
being done today. The research 
work goes on in Norway and it 
may accelerate again also in 
other countries using studded 
tyres. 
B 333 A new Finnish research 
Partly inspired by the Norwegian 
development work it was decided 
to look for Finnish "super 
concrete", an even better con-
crete proportioning as to the 
wear resistance, in connection 
with the very state-of-the art 
project in 1987. The targets of 
the research were; 
1. to find out factors most 
essentially affecting the 
wear resistance of conrete 
pavements and their signifi-
cance 
2. to define an applicable 
concrete proportioning that 
is essentially more wear re-
sistant than the present one 
(ab. 0,05 mm/year/ 1000 ADT) 
3. to specify the wear resist-
ance relation between asphalt 
and concrete 
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Rutting speed 
(mm/1000 ADT) 
Service 
life 
(years) 
Maintenance 
costs 30 y 
NOK/m 2 
Maintenance 
costs pres. 
value NOK/m 2 
 (by 7 %) 
Asphalt 0,50 13 410 134,45 
C40 from 1979 0,28 18 220 71,85 
C40 offer 1984 0,22 22 190 53,55 
C75 cast 1986 0,14 32 60 18,75 
C75 (Hornfels) 0,10 41 60 12,85 
FIGURE B3-16. Econoniic survey 
of the Norwegian C75 concrete 
based on maintenance costs 
The research was carried out by 
the road and traffic laboratory 
of VTT under the control of the 
mutual concrete road group of 
RWA and RTY. The results of the 
research have been published in 
the research report No. 658/1988 
of the road and traffic labora-
tory of VTT. 
Due to the conciseness of the 
research programme - only two 
test track runs, 6 slabs in 
both of them - ali the informa-
tion previousiy available of 
own and foreign field observa-
tions and investigations /7,5,6/ 
was utiiized in the programme. 
Anyway, the variabies to be 
investigated had to be restricted 
and it was also decided that 
each proportioning is represented 
by one siab only, which, of 
course, restricts the statistical 
representativeness of the re-
suits. The foliowing variabies 
were included in the investi-
gation (Figure B3-17) 
- the compressive strength of 
concrete (4 different classes) 
- the maximum grain size of 
aggregates (2 sizes) 
- the constant and gappy curva-
ture of aggregate 
- the quality of the rough 
aggregate (2 aggregates) 
- the use of blastfurnace siag/ 
silica 
- the wearing of the milled 
surface (1 slab) 
- the comparision of the Nor-
wegian and Finnish test tracks 
- the wear comparison of rub-
berized bituminous asphait 
with that of concrete 
The proportioning data of the 
concrete slabs are shown in 
Figure B3-18. 
The wear results and wear ratios 
of the test track runs appear 
in Figures B3-19 and B3-20. 
Generally can be stated that 
the results of the test track 
runs are logical and they need 
not to be explained by a faiiure 
in test arrangements. Traditionai 
road concrete (K50 - K 60) wore 
off 1,3.. .1,4 times more, the 
worst concrete (K30) 2,4 times 
more and traditional asphalt 
concrete about 3,5 times more 
than the best concrete quaiity 
(K70) . In the foliowing the 
effects of the different varia-
bies will be studied briefly on 
the basis of the research report 
of VTT. 
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Slab 	Code 	Aggregate 	 Strength Miscellarieous 
1 332E Tonalite K70 
2 " " K60 
3 " K50 
4 " " K30 
5 " Gabro K60 
6 B22E Tonailte 
7 B22J " K70 
8 "the concrete pavenent of Norceit" (K80) 
9=2 B32E Tonalite K60 
10 kIB32E 
11 AB22E 
12 B22J 
13=2 Run in the wear test track of Norcn 
14=4 
2ddition of silicate 
c/s 
AE 
c/s 
'1 
(Mdition of silicate) 
Mifled 
Rul±erized bitumen 
Clarifications: 
Code: 	B = concrete, kAB = rul±,erized asphalt concrete AB = asphalt concrete, 
E = inconstant aggregate curvature, J = constant aggregate curvature 
Iqgreqate:Tona1ite = Very wear-resistant aggregate frczn Koskenkylä 
Gabro = Traditionally wear-resistant Usmin gabro aggregate 
Strenqth: Design strength as an average of the caripressive strength 
Miscell.: c/s = 50/50 % cnent/b1astfumace slag 
= air entrainment 
Milled = About 1 ari was rnuled of the cast test slab before the wear 
test run 
Also plasticizers are used in concrete rnixes 
9=2 means that slab 9 is eqiiva1ent to slab 2, but milled before the nm 
FIGURE B3-17. Research pro-
gramme and variabies in a new 
Finnish investigation /39/ 
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OY PTBC AB 
81K/ktonllibcratcrlo Concr. laboratory 
1?,/ 	 04.O3.86 
Wear test of road concrete 
T1.t1n ku1utuo, 	(tyi 30108) 
30108/1: 30106/2 30108/3 : 
30106/4 3010815 30(08/6 30106/7 30(08/28 
design strength 
_______________________ 
' aasvntt,1u2uj*as, (91 wt)' K 70 	• K 60 	• K 50 	• K 30 	• K 60 K 60 	' K 70 	• K 80 	• k 60 
91(days) ' 
performance day 	va1.jit4jy6 23.06.87 ' 23.06.87 • 23.06.87 ' 28.07.81 24.06.81 • 24.06.87 30.07.87 19.08.87 • 29.07.81 
cement • ae.ettii 	kq/s3 ' 
Pa-Luja (22.06.87) 	• 434 • (97 152 ' (42 • 200 ' 202 202 390 • 201 
• (n3o 8 	PIattf'a1 ' • ' 
blastfurnace • .arlk%aa - 197 • (52 (42 • 200 ' 202 • 202 - 201 
slag . 4 • 1 4 * 1 1 • 
water • vetti 	 ' (16 • 123 • 1(8 • 156 • 127 117 • (00 • 147 • 172 
aggregate • kiviaineata 	• 1895 • 1997 • 2066 • 1984 • 2110 • 2059 2043 • 1867 • 1963 
uhka 28.92 • - 	• - 	• - 	• - 	1 - 	• 15.40 • - 
• Scice. 	61 4545 - 	1 - 	4 - 	4 - 	* - 	4 - 	1 - 	• - 
Scance. 5P62 - 	' 0.905 1.563 • - 	' 1.230 1.230 • 1.944 - 	' 0.880 
Melaint (0/40 - 	* - 	• - 	• 0.500 - 	• - 	4 - 	1 
'Paruixl - 	1 - - 	' 0.040 - 	• - 	4 - 	1 - 	• - 
• Betc*e. P - - 	' - 	' - 	* - 	• - 	• • 0.789 ' - 
vic 	 : 0.27 : 0.31 	: 0.39 : o.ss : 0.32 : 0.29 : 0.25 : : 0.30 
settlement • 	ainuu 	 ci 	• 0.0 • 0.0 • 0.0 0.0 • 0.0 • 0.0 0.0 • 1.0 • 0.0 
stones at the • '/9 • kivet 	Ievyss6 	s 	' 8.0 6.0 • 8.0 ' 3.5 • 10.0 • 7.0 5.0 • 9.0 6.0 
piate 1 	• • 	• 31.1 	• 33.5 • (4.2 	• 3.5 • 22.2 • 48.7 ' 40.0 - 	• 60.0 cern. 	paste at , . • • • • 
the piate 
air content : 	
uhsaojtoirnj 	 : 1.2 	: 
0.9 : 0.8 : 2.1 	
: 
0.9 : 0.9 : 1.3 	
: 
'- 	
: 
1.2 
clensty • tihevs 	 /63 • • 4 • • • * 
7d • 2490' 2500' 2523' 24(4' 2625' 2564' 2601' 2464 25661 
28d 	 • 2510 • 2520 ' 2523 • 2410 • 2650 ' 2590 • 2534 • 2482 • 2502 
91d ' 2490 ' 2487 ' 2496 • 2427 ' 2623 • 2596 ' 2564 ' 2460 ' 2520 
cornpressive • o4rIstus1ujis 	(141.2 ' • * 4 1 4 
Strength ld 	 • 51.8 • 37.6 • 32.7 • 14.3 • 45.7 ' 47.5 • 52.7 66.2 • 41.2 
280 ' 65.6 50.5 44.7 • 73.3' 54.6' 55.1' 42.0' 75.6 • 50.5 
91d 	 ' 71.4 ' 62.1 ' 54.5 • 31.1 	' 65.7 ' 66.8 • 73.5 • 79.1 	• 59.0 
fiexural 'taiv.v,tolujia,ii 	(palkit) 	' ' ' 
stregth * 	 7d 	(141.2' 7.39 • 6.36 4.76 • 2.26 ' 6.07 6.34 • 7.55 • 7.11 	• 5.56 
8.12 6.76 6.94 • 3.80 • 6.50 6.41 • 9.71 8.39 ' 7.39 
91d 9.55 ' 8.43 6.56 ' 3.90 8.21 8.94 10.73 • 8.71 	• 7.07 
salt 	scaling • suolanakkauko, 	• 4 • • • * • . * 
frost resistance ' 	10 kirrosta • 	3 	• 0.1 -2.4 -6.6 • -(1.0 ' -2.1 -1.3 • -0.8 0.1 	• -1.9 
test 23 	 • 0.0 ' -3.5 ' -7.2 ' -(2.6 -3.3 • -3.2 -1.6 • -0.1 	' -2.7 
50 0.1 	' -3.9 ' -8.! -(9.4 -3.5 ' -3.2 -1.9 ' -0.2 • -3.1 
75 0.1 -4.2 ' -'9.4 ' -3.7 • -3.3 -0.7 ' -4.0 
100 0.1 	• -4.9 1 44 • -3.7 ' ' -2.2 • 	125 	 • l • 4 1 1 1 4 * 
FIGURE B3-18. Results of propor-
tioning and examination of 
materiais of concrete slabs /39/ 
*3 
S]ab Code Wear 
cm2 
SPS 
glkm 
Wear ratio SPS 
(g/km/vehicle) 
1Q 	2J 	30 
1. 
2. 
3. 
9. 
8. 
7. 
6. 
10. 
4. 
11. 
5. 
12. 
B32E,70,T 
B32E,70,T 
B32E,50,T 
B32E,60,T,J 
Norcem 
B22J,70,T 
B22E,60,T 
kAB32 	T 
B32E,30,T 
AB22E, 	T 
B32E,60,G 
AB22J, 	T 
6,5 
8,5 
9,0 
10,4 
11,0 
11,5 
11,5 
11,8 
15,4 
15,6 
19,2 
22,4 
8,2 
10,7 
11,3 
13,1 
13,9 
14,5 
14,6 
14,8 
19,5 
19,7 
24,3 
28,3 
100 
130 
138 
160 
169 
177 
178 
181 
238 
241 
296 
345 
FIGURE B3-19. Wear results and 
average wear relation betueen 
the test slabs /39/ 
________ ________ 
B60 ________ _________  
W5 ________________ 1 _________ 
___________________ 360 	onstlant. ________ ___________ 
___________________ Noroem C7 _________ __ 
___________________ 370 (22 mm _________ ___
___________ B0 (22 mm _________  
___________________ Ruhherired 1 t 	h. ________ _ 
________________ B30 _________ 
______________ _________ Ah 	incon Lant 
_____________________ regdt 
_________________ 
1. The significance of the 
compress ive strength 
In accordance with the Nor-
wegian research the results 
prove that the wear resistance 
can be multiplied by using high 
strength concrete mixes. The 
increase in the strength from 
K30 to K70 meant a 2,4-fold 
increase in the wear resis-
tance. The test also indicated 
that concretes of quality class 
K70. . .1<80 can also be made 
using cement/slag binders without 
si.lica. The concretes used in 
the test were bad as to their 
workability, but in practice 
they can be made suitable for 
slip-form pavers by using addi-
tives. In the test an increase 
of the compressive strength 
decreased the initial wear 
most; the effect was stronger 
in wet wear than in dry wear. 
2. The significance of the 
aggregate 
The results support the opinion 
that the quality of rough aggre-
gates has a decisive significance 
also in the wear resistance of 
concrete pavements. Concrete 
made with similar proportioning 
of Usmi gabro wore off 2,6 
times more than the same slab 
made of the Koskenkylä tona- 
lite. Usmi gabro (Hyvinkää) is 
well-known as a good pavement 
aggregate and it is a much-used 
deposit. The characteristic 
data of the aggregates are: 
LosA Improved Abrasion 
impact 	value 
value 
The Usmi gabro 17,2 14,1 	2,64 
The Koskenkylä 
tonalite 	13,7 12,6 	1,46 
The significance of the aggre-
gate is also emphasized by the 
fact that a 1(60 concrete slab 
made of Usmi gabro wore approxi-
mately as much - or even more-
as traditional asphalt pavements 
when the aggregate was tonalite 
in both cases. 
3. The significance of the curvature and the maximum 
grain size 
The test resuit supports the 
earlier viewpoint that an gappy 
grading curvature and a great 
rnaximum grain size improves the 
wear resistance. An increase of 
the maximum grain size from 22 
mm to 32 mm led to a 1,6-fold 
durability. The choice of the in-
constant graining curvature 
instead of the constant curva-
ture results in a 2,0-fold 
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40 
30 
c.'1 
E 
0 
w 
10 
0 0 
40 
30 
Test track run 1 
5t32E, 60G) 
10(kAb32, T) 
6 (B22E,60,T) 
3 (B32E,SO,T) 
2 (B 32E, 60,T) 
1 (B32 E,70,T) 
10 	25 	50 	100 	150 	200 	300 
1*1000 CYCLESI 
ORY WET 	DRY 	WET 
OBSERVATION AREA 
Test track run II 
12 (Ab22 J,T) 
('1 
E 
0  20 
w 
10 
... 	-- 
.------ 	,- .......,
: 
1. (B32 E,30,T) 
11 (Ab 22E,T 
7 (B 22 J, 70.T) 
9 (B32E.60,T,jyrs.) 
8C75 (Norcem) 
0 
0 
	
10 	25 	50 	100 	150 
	
200 	2O 	300 
DRY WET 	ORY 	WET 
	[*1000 CYCLES] 
OBSERVAT!ON AREA 
FIGURE B3-20. Wear of test 
slabs as a function of run 
cycles /39/ 
combined effect. The contra-
diction with the latest Nor-
wegian results is - at least 
partly - explained by the diffe-
rent function mechanisms of the 
test tracks. A greater speed 
(55 - 70 km/h) is applied in 
the Norwegian track and the 
rubbing effect has been abolished 
by conic rings. It is known 
from other connectiorxs that the 
constant graining curvature is 
more durable if there is no 
rubbing. The share of the rubbing 
is strengthened on the Finnish 
track (a low speed 32 km/h, a 
small radius, an upright standard 
tyre, an eccentric movement of 
the base) which results in the 
superiority of the inconstant 
grading curvature in the test. 
It remains to be seen which of 
these test arrangements will 
correspond to actual wear situ-
ations on roads and what will 
be the final significance of the 
grading curvature and the maximum 
grain size for the wear resis-
tance. 
4. The significance of 
moisture conditions 
(wet/dry) 
It is known on the basis of 
earlier investigations that the 
concrete pavement wears off 
clearly more when wet than when 
dry. In this test the concrete 
slabs wore off 2,1.. .2,95 times 
more when wet than when dry. A 
better aggregate and a smaller 
maximum grain size decrease the 
wet wear according to the test 
results. This resuit is, however, 
based on only one test slab and 
thus it is not representative. 
As to asphalt slabs the wet/dry 
wear ratio was 1,5.. .1,65, in 
other words, smaller than with 
concrete slabs. 
5. The effect of mulling 
on the wear 
A slab milled in the test wore 
off 1,23 times more than a 
corresponding original slab; a 
wet milled slab wore off 2,8 
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times more than a dry milled 
slab. The resuit shows a greater 
wear in the beginning before 
the milling roughness has been 
evened. On the other hand, the 
milling has not affected the 
slab itself in a weakening way 
as to the wear. However, the 
milling effects should be inves-
tigated more in detail in further 
studies. 
A Norwegian standard slab was 
included in the test track runs 
of VTT, it was a 0 75 concrete 
slab made of very strong aggre-
gate (Hornfels), where special 
cement (SP 30 A) and silicane 
are used./7/ The standard slab 
wore off about 1,3 times more 
than a Finnish K60 slab (cement/-
slag 50/50, no silicane), which 
proves that the Finnish con-
crete is competitive with the 
Norwegian concrete also as to 
wear resistance. The differences 
are caused by the different 
qualities of the aggregates. A 
corresponding proof was obtained 
when a Finnish K60 concrete 
slab was investigated on a 
Norwegian test track: the dry 
wear of the C75 slab was as 
high as and the wet wear 1,6 
times higher than those of the 
K60 concrete slab. 
The specific wear (g/kxn/vehi-
ole) and wearing differences of 
different concrete qualities 
have been studied with test 
track runs (Figure B3-19) . But 
to the specific rutting & test 
track run does not give a direct 
answer (rnm/year/1000 ADT) . The 
specific rutting can only be 
found out when a slab sawn off 
from the actual concrete pavement 
(or cast in connection with the 
paving work) is included in the 
test track run. Only by means of 
this kind of a slab a connec-
tion between rut depths meas-
ured in the field and the SPS-
values of the wear test can be 
obtained. In this test series 
the connection was achieved by 
means of the concrete pavement 
of the Main Road 12, Villähde-
Nastola. In connection with the 
construction of the concrete 
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pavement in Nastola in 1984 
test slabs have been cast and 
they have been investigated on 
the test track of V'TT in several 
connections. The latest rutting 
measurements on the road have 
been carried out in May 1988. 
The foliowing ratios have been 
obtained: 
1SPS/on the road = 0.73xSPS/on 
a test track 
1SPS/on the road = 0. Ol3lmm/ 
year/ 1000 
AD T 
The specific rutting values for 
different test slabs have been 
tabulated on the basis of this 
calibration in Figure B3-21. 
The value of 
= 0,10 mm/year/1000 ADT 
can thus be regarded as a rutting 
value for the best Finnish 
concrete pavement. 
In this case the quality class 
of concrete is C70 and the 
aggregate is very wear-resistant 
tonalite from Koskenkylä. The 
values of the specific wear 
correspond the conditions of 
the pavement when wet, i.e. 80 
%, and when dry, i.e. 20 % of 
the studded tyre season. This 
Norwegian way of approach is 
perhaps even too severe to 
describe the actual moisture 
conditions of the pavement in 
Finland. The specific wear of 
the best K70 pavement slab when 
dry would be U0 = 0.047 mm/year/ 
1000 ADT and correspondingly 
when completely wet U 0 = 0.113 
rnm!year/l000 ADT. 
The aimed wear resistance of 
0,05 rnrn/year/l000 ADT in practi-
cal conditions was not quite 
achieved. No doubt, additional 
investigatiofls can find factors 
which contribute to an increase 
in the wear resistance of con-
crete pavements. One of these 
factors would no doubt be the 
washing of aggregates. 
The research concentrated on 
the technical qualificatiOflS of 
the wear resistance, cost issues 
have not particularly been 
dealt with. An increase of 
about 70 mk per cubic metre of 
concrete in the costs of binders 
and additives are to be expected 
when moving from class K30 to 
class K70 and correspondingly 
an increase of about 50 mk when 
moving from class K50 to class 
K70. A wear resistant aggregate 
with hauling plays a more signi-
ficant part in the cost growth 
than the quality class of con-
crete. 
Slab/Code 
Modified SPS-valves 
(g/km/studded tyre vehicle) Specific rutting 
Uo(mni/v/1000 ADT) SPS/test track SPS/road(=0,73xSPS 
___________________ (80 % wet/20 % dry) test track) (0,O131xSPS/road) 
1 	B32E,70,T 10,4 7,5 0,098 	*1. 
2 B32E,60,T 13,1 9,5 0,124 
3 B32E,50,T 14,8 10,7 0,140 
4 B32E,30,T 24,8 18,0 0,236 
5 B32E,60,G 31.9 23,1 0,303 
6 B22E,60,T 18,1 13,1 0,172 
7 B22J,60,T 18,0 13,1 0,172 
8 Norcem 16,5 12,0 0,157 
9 B32E,60,T,Jyr 17,1 12,4 0,162 
10 kAB32E,T 17,5 12,7 0,166 
11 AB22E,T 22,9 16,6 0,217 
12 AB22J,T 32,5 23,6 0,309 
FIGURE B3-21. Modified SPS-
values and specific rutting of 
test slabs in the test track 
run of VTT 
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B 34 	COMPARISIONS OF THE 
WEAR AND RUTTING OF 
CONCRETE AND ASPHALT 
PAVEMENTS 
It has become apparent from the 
above that the wear resistance 
of the pavement is affected not 
only by binders but also by 
many other factors. That is why 
asphalt and concrete qualities 
should always be taken into 
account when studying the wear 
relation of concrete and asphalt 
pavements. In fact basic dif-
ferences of different pavement 
types can only be studied by 
building pavements - excluding 
binders - of as similar mate-
rials as possible and by testing 
wear resistance in similar condi-
tions.' Comparable conditions 
can be arranged on a test track 
or by placing the pavements 
consisting of different binders 
side by side on the road in 
similar traffic and environmental 
conditions. Asphalt slabs pro-
portioned as counterparts with 
concrete slabs as to the grain 
size and graining curvature 
were included in the test series 
handled in Chapter 3 33. When 
test track results are studied 
on the basis of these counter-
parts it can be seen that a 
bitumen-bound slab wears off 
approximately 2,0 times more 
than a cement-bound slab 
(K60. . .K70) in dry wear and 1,5 
times more in wet wear. Although 
the values of this "theoretical" 
wear relation can be considered 
small and although they will 
change in different circum-
stances, this basic relation 
seems to be correct as to its 
size range when the wear of 
similar slabs in standard condi-
tions and in temperatures of 0 
- +5°C are investigated. The 
actual wear relation to the 
credit of concrete - and especi-
ally the rutting relation - is, 
however, multiplied compared to 
this. At least the following 
circumstancial factors affect 
to the credit of concrete in 
practice: 
- In practice concrete and 
asphalt are not made with 
similar grain sizes and with 
similar grading curvature. A 
greater grain size of concrete 
is more profitable as to the 
wear. In the test series the 
wear of asphalt concrete Ab 22 
was 3,45 times higher than 
that of the K70 concrete, the 
maximum grain size of which is 
32 mm (Figure 19). 
- The rutting of concrete pave-
ments is pure wear; the rutting 
of asphalt includes deformation 
of the mix, loosening of 
stone grains and pressing of 
stone grains into the mix in 
high temperatures. 
- The rutting of the concrete 
pavement does not depend on 
the temperature; the wear of 
asphalt pavements in a tempe-
rature of -25C is about 10 
times higher than in a tempera-
ture of 0C. 
- The wear resistance of the 
concrete pavement can be 
essentially influenced by an 
increase in the compressive 
strength; this is not possible 
with asphalt. 
On the other hand, it is known 
that the wear of concrete pave-
ments when wet is relatively 
greater than that of asphalt 
pavements in general. Further-
more, concrete wears off rela-
tively more than asphalt at 
high speeds /15/. The relative 
superiority of concrete is also 
reduced by the development of 
asphalt pavements into more 
wear-resistant than before. The 
positive effect of modified 
bitumens and additives and 
filling materiais of asphalt 
has been known all over the 
world for a long time. A thorough 
5-year investigation, the ASTO 
project, was started in Finland 
in 1986; its general objective 
is an increase in the wear 
resistance of asphalt pavements 
by 30 % from the present level. 
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When looking for numerical 
values for the wear and rutting 
relation between concrete and 
asphalt pavements both foreign 
and domestic experiences and 
many previous investigations 
can be referred to. Then, how-
ever, is to be noted that the 
quality of pavements has not 
aiways been analyzed as to the 
wear resistance; a "standard" 
asphait pavement in relation to 
a "standard" concrete pavement 
is often used as a criterion. 
The investigations of the road 
adininistration of Minnesota, 
utiiized widely ali over the 
United States as a basis for 
decision making in the begin-
ning of the 1970s, resulted in 
wear reiations as shown in 
Figure B3-l1. The numerical 
vaiues were: 
paveinent type wear relation 
on a tst track 
(rnni/10° excesses 
of atuddeci tyres) 
asphalt concrete 
(standard) 23 3,0 
asphalt concrete 
Uiigh-quality) 19 2,5 
concrete (liinestone) 12 1,6 
concrete 
(gravel ot good quality) 7,5 1,0 
concrete (crushed rock) 6,8 0,9 
The rutting deveiopment of ali 
pavement types were estimated 
by dividing the wear values of 
the test track by the figure 
5,5 which corresponds the re-
lation of rut widths on the 
road and in the laboratory. 
Rutting measurements before-
after have been undertaken 
together with other research 
work in Germany in connection 
with the prohibition of studded 
tyres in 1975 /23/. The meas-
urements showed that asphait 
and conrete of that time wore 
off in the foliowing relation: 
asphalt concrete 3,0 
gussasphait 	2,0 
concrete pavement 1,0 
Wide investigations have been 
carried out in Austria in the 
1970s to improve the wear resist-
ance of the pavements. The wear 
resistance of the best concrete 
pavements in relation to the 
typicai asphait concrete was 
estimated to be 5:1, even 10:1. 
In practice, the relation has 
proved to be smaller, about 
3:1, because the variations in 
aggregates, the unhomogeneousness 
of the mix etc. also infiuence 
the wear of the concrete pavement 
in fieid conditions. There are 
many concrete pavements in 
Austria and the use of studded 
tyres have not been prohibited. 
Thus experiences of the studded 
tyre wear of both pavernent 
types can stiil be obtained in 
Austria, although the utili-
zation degree of studded tyres 
is diminishing (today about 10 
%) 
Aiso concrete pavements were 
inciuded in a wide Swedish wear 
research in the beginning of 
the 1960s /41/. A wear relation 
of 1,5.. .2,5 for an old concrete 
pavement and a standard asphait 
pavement was then achieved. It 
is perhaps due to the iittle 
use of concrete pavements that 
additionai investigations on 
concrete were not made. 
The studded tyre wear has been 
intensively studied in Norway 
since the beginning of the 
1960s, aithough concrete and 
asphait pavements have not been 
inciuded in same investigation 
programmes in Norway. Wear 
patterns of asphalt pavements 
have been found out on the 
basis of iong-term rutting 
measurements and concrete pave-
ments have been investigated 
both in the fieid and laboratory. 
The rutting measurements made on 
the Main Road E18 ied to the 
beginning of the development 
project in 1984: the asphalt 
pavement wore off 2,5.. .3 times 
more than the concrete pavement 
(045 from 1979) . The 075 concrete 
was developed during the project; 
its wear resistance is 2 times 
higher than that of the C45 
concrete. Thus the new wear 
relation of concrete and asphalt 
is 5,0 -6,0/1 in Norway. The 
significant results of the latest 
Norwegian development work have 
been described in Figure B3-22. 
A value of 0,43 mm/year/1000 
ALT is used as a rutting speed 
of asphalt pavements in the 
pavement design specifications 
of the Norwegian road adxninis-
tration. The value varies per 
province, thus Vestfold, where 
most of the Norwegian concrete 
pavements have been built, uses 
a value of 0,50 mm/year/1000 ADT 
in comparisions for asphalt. 
When 0,10.. .0,14 mm/year/1000 
ADT was obtained as a specific 
wear for the C75 concretes, the 
wear relation will be 3,0. . .5,0/1 
when these average specific 
wears of asphalt pavements are 
used. 
As in Sweden and Norway the 
studded tyre wear is the main 
problem of the pavement policy 
also in Finland. The rutting of 
asphalt pavements have been 
studied for more than 20 years 
both in laboratories and with 
field measurements. The pavement 
design instructions of the Road 
and Waterways Administration 
/27/ are mainly directed at the 
control of the wear problem in 
the pavement design. However, 
the instructions have not led 
to any improvement in the situ-
ation, but the studded tyre 
wear is constantly an "open 
wound" in the road management 
in the conditions of growing 
traffic. The research programme, 
the ASTO project, started in 1986 
tries to find improvement to 
the situation. The pavement 
design instructions based on 
field measurements indicate 
that the specific wear on asphalt 
roads is 0,3.. .0,7 rnm/year/1000 
ADT when ADT > 2000 and 0,5.. .1,0 
mm/year/1000 ADT when ADT < 
2000. These values are not 
considered to include deformation 
of the base, which is 10. ..20 % 
of the total rutting even on best 
asphalt-paved roads and may be 
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FIGUBE B3-22. Wear ratios in a 
Norwegian investigation (rut-
ting of C45. . .C150 concrete and 
solid granite in relation to 
Ab16 asphalt) /16/ 
even greater than the wear on 
weakly-load-beariflg roads (<200 
MN/m2 ) . Basedon ruttingmeaSure-
ments it is further stated that 
the specific rutting is greater 
with small traffic fiows than 
with great traffic flows. Even 
a small traffic flow - 1000 ADT 
- is enough to rut the asphalt 
pavement aspproximately 1,7 
mm/year, but an increase up to 
10000 ADT in traffic flow causes 
rutting of only 0, 38 mrn/year/1000 
ADT. This results from the fact 
that lightly-trafficked roads 
are narrower and also from 
deformation of asphalt in suramer 
temperatures. 
The rutting of concrete pave-
ments have been studied with 
rutting measurements also in 
Finland. These measurements 
have been carried out on all 
concrete pavements (Figure B3-
23) built in the last decades 
/22,24,21/. An annual increase 
in the rut depth of asphalt 
pavements has been 2,3.. .5 
times more than on concrete 
pavements. Old concrete pave-
ments show specific wears of 
0,16.. .0,18 mm/year/1000 ADT. 
Newer concrete pavements 
(K50. . .K60) havereachedspeCifiC 
wears of 0,12 mm/year/1000 ADT, 
which is the basic value of the 
Finnish design instructiOns of 
concrete pavements. When the 
above wear relation of 2,3.. .5,0 
-187- 
Teet area Rut depth Speciflc Rutting 
Years Tot.rut. Rut ADT' rutting ratio 
een een nnn/1000 ADT Ac/Concr. 
Mr2 
Palojärvi-Olkkala (8,9,10) Ac 75.. .77 5.0 1.9 2780 0,36 
oncr " 3,6 0,8 0,15 2,4 
Ac J 	78.. .822) 5,2 5.2 3530 0,40 2,3 _________________________ Concr75...82 2 6,5 3,7 " 0,18 _____________ 
Rw180 1 
Ylikylä-Parainen(1I) Ac •793) 5,0.. .13,0 5,0.. .13,0 6230 0,58.. .0,86 ,• 
__________________________ Concr.71.,.81 7,0.. .22,6 7,8. ..11,8 1800-6230 0,14.. .0,17 _____________ 
Mr II 50, radial r. III Ac 1 	78.. .81 15,8.. .27, 15,8.. .27,1 24 000 0,22.. .0,38 ka. 	3,0 (12) . J .oricr.76...81 16,8...29. 6,8...1S,1 " 0,06...0.12 
1) ADT of the latest measuring year. 
2) With a rut device added with 8 rut depth of + 10 X 
3) TVL/Turku district straightedge measurement 
4) Medified of ADT 20 000 of one carriageway taking account the different 
traffic fiows of the lanes in relation to right/left - 60/40 Z. 
FIGURE B3-23. Rut depths and 
wear ratios of Finnish pavements 
according to measurements of 
VTT /25/ 
is taken as an intial value and 
when - carefuiiy estimated-
i,5-foid wear-resistant con-
crete has been found in the 
test series of Chapter B 333, a 
conclusion can be drawn that 
the present standard asphalt 
pavements wear off 3,5.. .7 
times more quickiy than the 
Finnish "super concrete pave-
ment" (K70 concrete, tonalite 
as an aggregate). A rutting 
relation of 2,5. ..3,5/i is ob-
tained compared with asphalt 
pavements buiit of the same 
strong aggregates. 
B 35 	SUMMARY 
The wide use of studded tyres 
in the 1960s revolutionized the 
road pavement poiicy in ali 
cold countries. The rutting of 
pavements became a dominating 
probiem - however, only tempo-
rarily in most countries. Studded 
tyre traffic was proved to be 
disastrous for ali pavements 
and after public discussions 
the use of studded tyres was 
prohibited in most western 
countries in the mid-1970s. 
Studded tyres and wear of pave-
ment seem to be a permanent 
part of the traffic culture in 
Scandinavia; according to the 
public opinion studded tyres 
mean security in the winter 
traffic. 
When reconstruction of asphait 
pavements due to studded tyre 
wear costs hundreds of miiiions 
of marks every year a reduction 
of wear defects is an object of 
a constant struggie in Finland 
and in the rest of Scandinavia. 
Wear effect of studs have been 
decreased by restricting stud 
force and protrusion. Intro-
duction of sleeve studs (security 
studs) to the market raises 
hopes of further decrease in 
the wearing stress. Wear quaii-
ties of asphait pavements have 
been continuousiy studied and a 
better wear resistance have 
been achieved. The use of rub-
berized bitumen is the latest 
invention in the asphalt fieid; 
it contributes to an improvement 
of wear resistance and stability 
but simuitaneousiy to a rise in 
costs. 
But in practice the detrimental 
wear of asphalt pavements is 
stili an "open wound" (Figure 
B3-24). Hopes of a better future 
have been concentrated on the 
5-year investigation programme-
the ASTO project -by means of 
which an improvement of 30 % in 
the wear resistance will be 
aimed at. 
It has always been a well-known 
fact that concrete pavements 
are more wear resistant than 
asphalt pavements (Figure B3-
25) . A 2,5.. .3,5-fold durabi-
lity has been reached in con-
formity to results of many 
countries; this is entirely of 
another size range than the 
durability of asphalt. The 
latest Norwegian and Finnish 
investigations have introduced 
high strength concrete mixes on 
road pavements which raise the 
wear resistance to another 
order of magnitude altogether. 
New high strength concrete 
mixes show stiil a 2,5.. .3,5-
fold wear resistance compared 
with asphalt pavements built of 
the best and same aggregates, 
but compared with the present 
Finnish standard asphalt pave-
ments the new high strength 
concrete (K70, tonalite as an 
aggregate) offers a 3,5.. .7-
fold wear resistance. This 
means that a pavement which has 
been repaired at intervais of 
2.. .3 years, endures 10.. .15 
years with no need for rutting 
repairs if it is paved with 
concrete. Usual traffic fiows 
(< 15000 ADT) do not cause 
rutting repairs at ali during 
the service life of the pave-
ment. When ruts begin to appear 
they are repaired by diamond 
grinding, which method is a 
widely developed routine method 
in many countries. 
Studded tyre traffic is a threat 
also for the service life of 
the concrete pavement. Adaption 
of the latest concrete technoiogy 
has changed this threat into a 
challenge. A concrete pavement 
can be and has been designed so 
wear-resistant that studded tyre 
wear does not essentially de 
crease the efficient service 
life of the pavement. A con-
stant good service level can be 
prevailed by grinding the pos-
sible ruts before they become a 
significant inconvenience to 
traffic. 
Being prepared for wear and 
increasing the wear resistance 
of the pavement cause addition-
al costs in both asphalt and 
concrete pavements. The addi-
tional costs of concrete pave-
ments are composed of a higher 
mix quality, consideration of 
the grinding margin in the slab 
thickness and of grinding 
costs. These costs are compen-
sated by a long service life of 
the concrete pavement and by a 
good service level also in 
exceptional traffic conditions 
caused by studded tyre traffic. 
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FIGURE B3-24. A rutted asphalt 
paveinent, spring 1988 (mr II 
41, Pöytyä, ADT 2200, rut 
repaired section) 
FIGIJRE B3-25. A rutted concrete 
pavement, spring 1988 (Skräb-
bölentie, Parainen, ADT 2000, 
built in 1958) 
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B4 
CONCRETE ROADS IN SEVERE CLIMATES 
B 40 	INTRODUCTION 
In a country of seasonal frost 
action like Finland concrete 
pavements are exposed to circum-
stances where frost action of 
subgrade - differential frost 
heave and decreased spring 
bearing capacity - dictates to 
a great extent the design re-
quirements and durability condi-
tions of the road construction. 
Construction of rigid concrete 
pavements in these conditions 
arouses many questions: 
- Does the rigidity of the 
pavement contribute to a 
reduction of thickness of the 
pavement structure? 
- Can the rigidity and joints 
damage the service level and 
long-term durability of the 
road due to frost action? 
- How 	do 	frost-susceptible 
circumstances 	affect 	the 
design of the pavement slab? 
- How have concrete pavements 
built for frost-susceptible 
conditions endured? 
Finland has both positive and 
negative experiences of the 
durability of concrete pave-
ments built in our severe cli-
mate. However, because of the 
relatively little experience of 
our own the intention of this 
report is to find additional 
information to the above ques-
tions. Finnish and foreign 
literature and research journeys 
in seasonal frost countries as 
well as interviews made there 
have contributed to shedding 
new light on the matter. Because 
frost action plays an important 
part in the structural design of 
roads in severe climates like 
in Finland, also basic facts 
related to frost action are 
described in the foliowing. 
B 41 	BASIC FACTS 	ABOUT 
FROST ACT JON 
B 411 	Frost action 
When air temperatures fail 
below zero, the ground starts 
to freeze. The longer the frost 
seasons last and the more severe 
they are the deeper the frost 
penetrates. When water in the 
ground freezes, the strength of 
the soil increases. Due to the 
freezing, water expands and 
filis the voids in the soil, so 
the freezing as such does not 
produce a considerable growth 
in volume nor a rise of the 
pavement surface. Frost action, 
which is here defined as a 
negative phenomenon, occurs 
when free water collects in the 
freezing zone and freezes to 
form ice lenses in the course 
of a long frost season, Figure 
B4-l. In soils rich in fine 
particles water freezing into 
lenses can be water which is 
rising capillarily to the freez-
ing zone or water fiowing at 
the freezing zone. Formation of 
ice lenses means that the ground 
level is rising. This pheno-
menon is called frost heaving 
and it will be the greater the 
deeper the frost penetrates or 
the longer the frost season 
lasts, /38/. 
When air temperature rises above 
O°C the ground starts to meit. 
If temperatures remain low for 
a longer time, melting will 
proceed from the bottom upward 
influenced by the heat of the 
earth. In this case water es-
caping from ice lenses can join 
groundwater and no problems 
will arise. If the temperature 
rises rapidly - as is often the 
case in spring in Finland - the 
melting will occur from the top 
downward. Water escaping from 
ice lenses is unable to meet 
groundwater and it will satu-
rate melting soil courses, 
Figure E4-2. An increase in the 
load results in an increase in 
the pore-water pressure and the 
melting soil will loose most of 
±ts load-bearing capacity. A 
decreased spring bearing capacity 
together with frost heave is 
typical of frost action, Figure 
B4-3. 
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FIGURE B4-3. Variations of 
temperature, freezing index, 
frost depth and load-bearing 
capacity in seasonal frost 
action areas 
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ri se 
ea'J 
, \S 
/ 
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B 412 	Prerequisites for 
frost action 
The foliowing three conditions 
must be present simultaneously 
to enable frost action to occur, 
Figure B4-4: 
- there is frost-susceptible 
soil at the depth of frost 
penetration or imxnediately 
underneath 
- the groundwater table is so 
high that the capillary rise 
to the freezing zone is pos-
sible or free water is fiowing 
at the freezing zone 
- the frost season is so long 
and severe that formation of 
ice lenses is possible 
The severity of frost action is 
a combined effect of these 
factors. If one factor is missing 
no frost action will occur, so 
that when affecting one of 
these conditions the entire 
frost action can be affected. 
The depth of frost penetration 
and the magnitude of frost 
heave and spring bearing capacity 
can be estimated by investigating 
frost action conditions before-
hand; this helps to design the 
structure so that frost action 
does not cause damage to road 
structures. The sensitivity to 
frost action can be defined for 
different soil types on the 
basis of the content of fine 
particles (< 0,02 mm) in the 
soil. The groundwater table is 
defined with p±ezometers, and 
the duration and severity of 
the frost season i.e. the 
freezing index, as a degree-
hour ratio (0 ° C x h) on the 
basis of temperature measure-
ments. 
1. FROST (relatively long period) 
2. GROUNDWATER TABLE 
on a level where 
capillary rise of 
water to the 
freezing zone is 
possible 
Pernieabil ity 
FIGURE B4-4. Prerequisites of 
frost action 
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B 42 	FROST ACTION CONDITIONS 
IN FINLAND AND IN OTHER 
SEASONAL FROST COUNTRIES 
B 421 General climatic char-
ecteristics 
Finland kelongs to a subarctic 
climatic zone, Figure B4-5. 
General characteristics of the 
climate are /20/: 
- The yearly average tempera-
ture -2.. .+5°C (in different 
parts of the country) 
- a considerably cold winter, 
the average temperature of 
January -5.. .-15°C 
- a considerably warm suramer, 
the average temperature of July 
+13.. .+17°C 
- a considerably low amount of 
rainfail, 400.. .700 mm/year 
- seasonal frost action, the 
average freezing index 500- 
2000°C x days/year. 
Inspite of the northern loca-
tion Finland enjoys a relatively 
temperate climate thanks to the 
Gulf Stream; permafrost generally 
prevails on the same latitudes 
in Siberia, Canada and Alaska 
whereas frost melts from every 
part of the country in Finland 
every year. (It is true, however, 
B4 
that there are local palsa forma-
tions comparable with perma-
frost in Lapland) . Climatic 
conditions equal to those in 
Finland can be found only in 
Central and Northern Sweden and 
in Soviet Karelia. 
B 422 Freezing index 
Frost conditions are generally 
described as a freezing index, 
which shows the severity of 
winter and is measured as a 
resuit of daily temperatures 
and of the duration of the 
freezing season, C x days or 
x hours (Figure B4-6) 
Freezing index values help to 
evaluate the depth of frost 
penetration and the magnitude 
of frost heave; thus the freezing 
index is a good starting point 
in the estimation of the need 
for frost protection. Because 
variations in annual freezing 
indices are great even in the 
same district, a probability to 
which the structures are dimen-
sioned is to be selected. It is 
very common in seasonal frost 
countries that the greatest 
freezing indices occurring once 
in ten years are used for the 
design, Figure B4-7, Figure B4-
8, although the severity of 
winters is also described as an 
average freezing index (e.g. 
during 30 years), Figure B4-9, 
Figure B4-l0), /20,3/ 
From the point of view of freez-
ing indices Finland is one of 
the coldest seasonal frost 
areas in the world. A continuous 
long freezing season when frost 
can penetrate deep is typical. 
Also a short and violent spring 
with total frost melt is a 
typical feature. As to freezing 
indices only Central and Northern 
Sweden and Estern Karelia in 
the Soviet Union have corres-
ponding conditions in Europe. 
There are severe frost areas 
also in the mountains in Norway 
and in the Alps in Austria and 
Switzerland, but more locally 
than in Finland. At least 
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Switzerland, Austria and Finland 
have built concrete pavements 
in these areas. Freezing indices 
in the rest of Europe are gene-
rally only one tenth of the 
prevailing conditions in Finland. 
Corresponding freezing indices 
in North America can mostly be 
found in the surroundings of 
the Great Lakes both in the 
United States and Canada, Figure 
B4-10, /3/. Concrete pavements 
are most commonly built in the 
states of Minnesota, Wisconsin 
and Michigan in this area. 
Concrete pavements in more 
severe conditions can be found 
in the surroundings of Winnipeg, 
capital of Manitoba, in Canada 
and in the surroundings of 
Montreal in the province of 
Quebec. 
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FIGURE B4-7 a. 
Transition wedge depth and the 
freezing index occurring once 
in ten years in Finland /16/ 
'FIGURE B4-7 b. Average freezing 
index in Finland (C x h) /20/ 
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Kuusamo 27600 22900 25000 27000 29800 36300 45100 50900 56500 63700 69100 
Sodankyla 24000 25300 27400 29600 32500 39300 48400 54500 60300 67900 73500 
FIGURE B4-8. Annual freezing 
indices of various towns with 
different probabilities in 
Finland 
B 423 Soil and groundwater 
condit ions 
Scandinavia is one of the last 
northern areas released from 
under the inland ice. The base-
ment rock is old, strong and non-
weathering, there are pienty of 
exposures of rock and loose 
soils are relatively shallow. 
The main soil types are moraines 
and there are also clay soils 
on the coast. Northwest-south-
east esker formations are typi-
cal. There are pienty of lakes 
and moors. A general feature of 
the topog:aphy is relatively low, 
but varying. The groundwater 
table is high although the 
annual amount of rainfali is 
rather low (400.. .700 mm/v) 
The Finnish soil and ground-
water conditions are liable to 
frost action. 
The North Arnerican topography 
is much fiatter in the seasonal 
frost areas than in Northern 
Europe. There are not many 
rocky areas, loose soils are 
generally thick moraine and 
siltdeposits. Wide, lowprairies 
extend also to northern areas. 
The groundwater table may be 
high and the conditions are 
prone to frost action. 
Corresponding local soil and 
groundwater conditions to those 
in Finland can be found in the 
Swiss and Austrian Alps, but, 
in practice, frost action condi-
tions differ in Finland because 
of the deviating topography. 
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FIGURE B4-lO. Average freezing 
index (F x days) in North 
America /3/ (the shaded area 
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conditions) 
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3. Chicago, Illinois 
4. Toronto, Can, 
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B 43 	FROST ACTION DAMAGE ON 
ROA1S AND STREETS 
On the basis of the previous 
chapters it can be stated that 
frost action conditions are 
very unfavourable in Finland 
and thus frost action is a risk 
that must be taken into account 
in ali road construction. How-
ever, the actual inconvenience 
of frost heave and a decreased 
spring bearing capacity depends 
greatiy on local conditions and 
on the requirements set by the 
structure itself. Because even-
ness and a good ioad-bearing 
capacity are important to the 
function of roads and streets, 
frost-induced damage is most 
critical. Roads are aiways bare 
and free of snow which results 
in a maximum frost penetration. 
When running through the land-
scape roads always meet with 
variable soil and groundwater 
conditions which leads to con-
siderable differences in frost 
heave and spring bearing capa-
city. These differences are 
evened out by designing the 
road structure properly, but in 
any case the durability and 
serviceability of the road are 
strained by the annual cycle of 
freezing and thawing. 
B 431 Inconveniences of frost 
heave 
Nonuniform frost heave, - abrupt 
changes in grade at the pave-
ment surface, which can be tens 
of centimetres wide and es-
sentially damage the evenness 
of the road in winter - is 
regarded as a primary incon-
venience of frost action, Figure 
B4-l1. The damage may be tempo-
rary, it is common that the 
evenness will be restored in 
the course of surnmer. When it 
is a question of greater heaves 
cracking of the pavement will 
always occur and the road will 
be exposed also to permanent 
damage. If frost action condi-
tions are homogenous, frost 
heave can be considerably great, 
even as much as 10-20 cm without 
causing any great damage or 
significant unevenness. When 
total frost heave increases, 
also the risk for irregular-
ities increases, Figure B4-12. 
Frost heave causes also perma-
nent damage. The annually re-
peated frost heave loosens the 
subgrade and the structural 
courses of the road during 
thawing and the recovery from 
frost heave won't be perfect. 
Permanent unevenness occurs and 
the service level of the road 
decreases in the course of years. 
Design standards, frost action 
conditions and of course road 
categories determine which 
amount of frost heave or decrease 
in service level is regarded as 
detrimental in different coun-
tries. The margin values shown 
in Table B4-1 are recomrnended 
for different road categories 
in Finland. According to the 
recommendation total frost 
heave of more than 30 cm and 
short uneven bumps of 5-10 cm 
are considered detrimental on 
collector roads, whereas total 
frost heave of 4-7 cm and a 
single bump of 2-3 cm would be 
maximum values on motorways. At 
present a revision of these 
recommendation values is subject 
to consideration. 
A reduction of the service 
level caused by differential 
frost heave in the course of 
years is regarded as a primary 
frost heave damage in the United 
States, Figure B4-13. A method 
to evaluate a decrease in the 
service level on the basis of 
the frost susceptibility of the 
subgrade, depth of frost pene-
tration and drainage conditions 
is described in the newly pub-
lished instructions of AASHTO, 
Figure B4-14 /15/. 
- 
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FIGURE B4-11. Frost damage on 
Main Road 12, in the town of 
Hollola /111/ 1987, an asphalt 
- . pavement 
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TABLE B4-1. Recommended maximwn 
values for changes in gradient 
and total frost heave (acc. to 
R Orama) 
Functional class maximum change maximum total 
of the road in gradient, frost heave 	(mm) 
0/00 
Motorways 4.. .6 40.. .70 
Main roads 1 and II 4.. .6 50.. .100 
Regional roads 4... 11 80.. .200 
Collector roads 9... 16 150.. .300 
Connecting roads 15... 200... 
pi 
Loss due to traffc 
Dl 
__________________ Analysis 	
- Period 
Time 
Loss due ts swell p ji._.. 	 and/or frost Iieave 
Time 	 1 
atLoss ' 
__________________ Analysis ________________________ 
Period 
Time 
FIGURE B4-13. Decrease in the 
service level of the road as a 
time function according to 
.American design instructions 
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B 432 	Iriconveniencescausedby 
a 	decreased 	spring 
b?aring capacity 
Variations in the load-bearing 
capacity of frost-susceptible 
soiis (Figure B4-3d, e) during 
the seasons of the year are 
characteristic of seasonai 
frost action. The load-bearing 
capacity of frozen soil gene-
raily exceeds ali the loading 
requirements, but significant 
loss of bearing capacity will 
take piace during spring thawing 
periods followed by a recovery 
to the normai surnmer bearing 
capacity with the advancement 
of drying. 
As far as the durability of the 
road structure is concerned 
this lowest value of the load-
bearing capacity is decisive 
and that is why efforts are 
being made to measure the actual 
spring bearing capacities and to 
design the structures accord-
ingly. Because it is difficult 
to reach the weakest load-bearing 
capacity with measurernents, 
coefficients for ioad-bearing 
capacities of different seasons 
have been used to heip in the 
design. The length of the seasons 
have been estimated on the 
basis of local temperature 
observations in some countries 
and thus a weighted bearing 
value has been obtained as a 
basis for the design. Finland 
and many other European countries 
use the weakest spring bearing 
capacity in their design, whereas 
the weighted bearing value is 
used among others in North 
America. 
Although a decreased spring 
bearing capacity is primariiy 
characteristic of fine-grained, 
frost-susceptible soils reiated 
to the meiting of ice ienses 
(Figure B4-2), ioad-bearing 
capacity may decrease detri-
rnentaiiy aiso in non-frost-
susceptibie pavement struc-
tures. Especially in the begin-
ning of the thawing period road 
edges are stiil frozen and 
normai drainageways overfiow. 
Thus so rnuch water can be dammed 
up on the pavement structure 
that the pore-water pressure 
under traffic loads will rise 
and the structure will loose 
some of its load-bearing capa-
city. This kind of a situation 
occurs usually only once a year 
in spring iri Finland, but there 
are tens of miid periods during 
the winter in more southern sea-
sonai frost countries. There 
the above phenomenon is the 
most essential disadvantage of 
frost action. 
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B 433 Paveinent dainage 
Frost heaving reduces the regu-
larity and service level of the 
road and the decreased spring 
bearing capacity tests its 
durability. Both inconveniences 
resuit in the danger of cracking 
and breaking the pavement. 
Typical frost action damage of 
asphalt pavements is longitudinal 
cracks of the roadway center-
line, Figure 34-15. The pave-
ment cracks at random at local 
frost bumps, Figure 34-11. 
Cracks may be serious and they 
may cause traffic restrictions 
and direct repairing need as 
shown in the figure. The de-
creased spring bearing capacity 
causes alligator cracks on an 
asphalt pavement and rutting at 
road edges. 
On concrete pavements frost 
heaving results also in longi-
tudinal cracks, Figure 34-16, 
or opening of longitudinal 
joints. A more typical frost 
damage, however, is faulting in 
transverse joints and at the 
edge of the pavement (Figure 
B4-17, 34-18), which may resuit 
from frost heave or from the 
decreased spring bearing capa-
city. 
u 
FIGURE B4-15. A longitudinal 
crack due to frost heave in the 
centre of road, an oil gravel 
pavement in southern Finland 
..- 	 :; " 
FIGURE B4-16. A longitudinal 
crack due to frost heave on a 
concrete pavement, Parainen 
In the course of years this 
pavement damage produce de-
teriorating traffic damage or 
even destruction of the pave-
ment itself when the cracking 
phenomenon advances. Cracks can 
be patched, pitched, reinforced 
or milled, but actual frost 
damage on the pavement cannot 
be removed by repairing the 
pavements; the repair must be 
undertaken by renewing the 
entire structure. 
-2 13- 
-a 
' r 
FIGURE B4-17. Faulting of slabs 
due to frost heave, Wisconsin 
USA (photo JR/1987) 
B 434 Other 	frost 	action 
damage 
Frost action causes migration 
of stones. Stones at the depth 
of frost penetration in the 
base structure are liable to 
migrate upward to the surface 
and cause unevenness in the 
course of time. Stones, the 
diameter of which is 15 cm, are 
aiready considered detrimental 
in a frost-susceptible subgrade 
in the United States, elsewhere 
stones of 30-60 cm are gene-
rally regarded as detrimental 
when thicker pavement struc-
tures are used. The annual 
freeze-thaw cycles cause also 
other than direct frost damage 
on the pavement structure. Both 
bound and unbound layers shrink 
during periods of frost, cracks 
will be formed on them and they 
appear as transverse cracks at 
regular distances on the surface. 
Frost shrinkage of concrete 
pavements is generally directed 
at joints and it won't cause 
damage. 
- 
- 	T - .--- 
- 
FIGURE B4-18. Faulting between 
shoulder and paveinent, Wisconsin 
USA 
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B 44 	PREVENTION OF FROST 
DAMAGE 
B 441 Methods 	to decrease 
daniage 
In seasoiial frost areas pre-
vention of frost damage dic-
tates the boundary requirements 
for the structural design of 
the road. A good practice to 
avoid frost damage is to remove 
frost-susceptibie soil and 
replace it with non-frost-sus-
ceptible material ali the way 
down to the depth of frost 
penetration (deep road bed) 
This procedure is comxnon in 
miider seasonal frost countries 
where the freezing index will 
remain beiow 3000 ° C x h once 
in ten years and the frost 
depth is less than one metre. 
Instead, in coid seasonal frost 
countries where frost action 
can penetrate as deep as to 2-3 
m, only airfields and first-rate 
motorways are founded, when 
need be, to the non-frost-sus-
ceptible depth. A compromise is 
made elsewhere on the road 
network; frost heaving is al-
iowed, the pavement structure 
and transition wedges even 
differentiai frost heave and 
differences in the spring bearing 
capacity, but they do not al-
together prevent frost action 
in the subgrade. There are also 
other methods to reduce frost 
damage; these are mainly used 
to support the thickness design 
of the pavement structure. Such 
methods are among others the 
TABLE B4-2. Prevention of frost 
daznage, efficiency of different 
measures 
drawdown of the groundwater 
tabie, effective drainage of 
the pavements and thermal insu-
lation. An estimate of the 
effectiveness of these measures 
in the prevention of frost 
damage is shown in Tabie B4-2. 
B 442 Frost protection of the 
pavexnent in different 
count ries 
B 4421 Frost protection in 
Finland 
According to the design in-
structions pubiished by the 
Road and Waterways Adminis-
tration in 1985 /16/ the struc-
tural courses of the road are 
first designed on the basis of 
the load-bearing demands of the 
road. The total thickness of 
the structure thus obtained 
shall be tested on the basis of 
frost protection demands. The 
starting point of the ioad-
bearing design is the weakest 
spring bearing capacity and the 
E-moduies of the availabie 
aggregates. The necessary layer 
thicknesses are defined by 
means of the Odemark formulae. 
The intention of the frost 
protection is to restrict frost 
heaves to a certain level in 
each road category, Figure B4-
1. The minimum requirements for 
a total thickness of the pavement 
structure, Figure B4-19, are 
based on long-term frost depth 
and frost heave measurements 
carried out by the Road and 
Waterways Administration in 
different parts of the Country. 
Decrease in dif- 
ferential forst 
heave 
Increase in 
spring bearing 
capacity 
Non-frost-susceptible fili xxx XXX Transition wedges xxx x 
J-iornogenization xx x 
Drainage of layers x xx 
Rigider pavem. 	structure x xx 
Drawdown of gwt xx XX 
Thermal insulation xxx XXX 
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The design instructions of the 
Road and Waterways Adminis-
tration, Figure B4-19, stipu-
late that concrete-paved roads 
are to be built according to 
standard 1, in other words, a 
thicker pavement structure 
should be used when building 
concrete pavements on inferior 
roads and streets than when 
building asphalt pavements. 
This view is based on the opinion 
that a concrete pavement does 
not withstand the frost heaving 
allowed on inferior roads ac-
cording to Table B4-1 as well 
as an asphalt pavement does. 
The load-bearing design of 
concrete oavements according to 
the Finnish design instructions 
is undertaken in the same way 
as on asphalt-paved roads, the 
load-bearing target being, 
however, 125 MN/m 2 for concrete 
pavement base. 
A development project for struc -
tural design of city streets 
has been started by Suomen 
kaupunkiliitto in the mid-1980s. 
In this connection a new frost 
design method has been made out 
in the geotechnical laboratory 
of VTT, Figure B4-20. The method 
introduces certain new practices 
for the frost design: more 
design frost indices than before 
and a clearer use of the allowed 
frost heave as a design element. 
The method is unofficial 50 
far. It does not commit itself 
as regards concrete pavements, 
/24/. 
FIGURE B4-20. Suggestion for 
frost protection of a street 
structure/2 4 / 
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B 4422 The 	road 	structure 
design in the United 
States and Canada 
In North America the design 
methods of the pavement struc-
ture are stili in one way or 
other based on the road test 
made by AI½SHO in the 1960s. The 
design methods of different 
states often differ from each 
other and there are modifi-
cations of the original in-
structions completed by own 
experiences. Mechanistic methods 
aiready well-known in Europe-
based on theoretical calculations 
and on utilization of different 
material qualifications - have 
not yet gained ground to the 
same extent in North America as 
in Europe. The design instruc-
tions published by the research 
laboratory of cold areas CRRL 
are usually carried out in the 
pavement structure design in cold 
seasonal frost states. Two 
parallel design methods of this 
recently revised instruction 
will be studied in the fol-
lowing, /3, 1, 2/. 
a) 	Design on the basis of 
frost penetration 
The aim of the method is to 
restrict frost heaving to the 
level of about 10 cm by re-
placing 80 % of the depth of 
frost penetration with non-
frost-susceptible pavement 
structure. The frost penetration 
depth in non-frost-susceptible 
soils is defined as a function 
of the freezing index, the 
volume weight of the material 
and the moisture content, Figure 
34-21. The necessary pavement 
structure thickness is then 
defined as a function of the 
water content of the subgrade 
and pavement structure, Figure 
B4-22. No significance is given 
to bound layers in the frost 
protection of this method, 
their thickness ±5 separately 
defined and it is added to the 
pavement structure thickness 
obtained in the frost protection 
design. The method does not 
separate asphalt and concrete 
pavements, pavement structure 
thicknesses are the same for 
both of them. 
b) 	Design for reduced spring bearing capacity 
This method entirely ignores 
the reduction of frost heaving. 
A thorough homogenizing of the 
base structure and compaction 
to a depth corresponding to 1/2 
- 1/3 of the frost penetration 
depth in Figure 34-2 1 is effected 
to avoid frost damage. Transition 
wedges are installed if ne-
cessary. Unbound layers and an 
asphalt pavement are dimen-
sioned to this homogenized 
subgrade layer by layer. Meas-
ured spring bearing capacity 
values are not used; an average 
value defined on the basis of 
the soil type is used for load-
bearing design, it corresponds 
to the weighted average of the 
load-bearing differences during 
the seasons. As far as asphalt 
pavements are concerned this 
method leads to pavement struc-
ture thicknesses in the size 
range of 60 cm. 
A concrete pavement can be 
dimensioned to a homogenized 
base structure using a sand 
layer of only 10 cm as a base. 
The weighted annual average 
defined on the basis of the 
soil type is used as a modulus 
of subgrade reaction (k) . A 
decrease in the service level, 
PSI, allowed to the pavement 
during the service life together 
with traffic loads and the 
modulus of subgrade reaction 
are used as variabies in the 
slab thickness design. If the 
design of the slab aims at an 
uniform and a thin slab (= 20 
cm), thicker gravel layers or a 
bound base course under the 
slab are used to raise the 
modulus of subgrade reaction. 
In practice the slab thick-
nesses vary between 20 and 28 
cm. 
-2 18- 
	
240 	 f,}.i1iT: 
1 1 1 	1 	TLS 	 . 	h 	: 	1 	1 	;Ii! 	1 ii 	1 	1 
1. p.n.t,.Ion d.ph. .r. b*.J n 	 ' 1 , 
.I co.p.lon 	 Ii; 	' 	1 	 • 	• 	rI llr .11n.d tn U$ACRAtL Sp.cL.L Lpo 	12Z. 	 1 
2. lro. 	 d.pth. .r. ...r.J Ir 	p..- 	 1 	 • 	 ; II 
1 	 ' 	D h 	h 	 p 	f 	12 II ' 2 1 ,t5Opc 	. 20( 	-jj 	::h PCC 	
;:: k 
	tv.. 	
°::: 	 t; • • tii r 	Tt 1 1 P 	t 	 bi 1 .r • t. 	tnh.. .t bt1h q.1tt, b.... Co.p.- 	 • 	 1 2 /, 135 pct 
1 	 .t. •Ii .011 bn..th 	 h- 1 lii 	: 
1 : 	j 	• ''° 1 50 pcf 	2 400 kg / 
.,d o 	 . 	 1 T 111 •tL 	 h 
16 	
1 	i*ht 	 1 	 1 	 I1 	ii 	1 	i 	. LJ 
1 	) 	31) d 
	 i 	l 	 ' 1 	II Yb t 	2150 kg/m3 
tN 	II 1 	1H 	'II 	1 	P H LL 'H 	 15% 115 pcf -lBSOkg/m 3 
1 	jf 	ititt it 	1[eIi i 	 1 	liii hi '1 11t 1 t 	: 	11,,' 1600kg 
II 	1 	II 	1 hI Ii 	.1 
0 	 II1tt 111111 ] ir H fi 	1 
80 	IttIII 	II 	l: 	L i t 	 4 III! 	II 
t1 	tl 	1 	 i1 
40 1 H h 
III 	 1 	i 	i 	III 11 1 	1 IjI ''' T 
1 	il.:' 1 
0 	, IlI:1il:lj!l1il: 	II] 
ijll:ii 	II 
0 2 io 
Air Freezinq Inde ( ° F-days) 
FIGURE B4-21. Definition of 
frost penetration depth, the 
CRRL method 
c) 	Scopes of the 
a ternatives 
Alternative b) should be the 
major design method according 
to the CRREL instructions and 
this has also been the practice 
in USA as noticed during the 
research journeys. This design 
method makes use of the load-
bearing advantage of the concrete 
pavement also in frost-suscep-
tible circumstances. The total 
thickness of the unbound slab 
structures and the pavement is 
only about haif of that of an 
asphalt-paved structure. The 
choice between asphalt and 
concrete is made by comparing 
construction costs. 
However, method b) is not suit-
able if base conditions are 
very variable or exceptional 
requirements are set for the 
evenness. Runways on airfields 
are generally dimensioned ac-
cording to alternative a) . If 
the total thickness of the 
pavement structure would rise 
above 150 cm, the structure 
will be restricted to this 
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FIGURE B4-22. Definition of 
pavement structure thickness on 
the basis of frost penetration 
depth; the CRRL method /3/ 
thickness and other measures 
for further assurance are taken. 
As far as concrete pavements 
are concerned slab lengths will 
be shortened or reinforcement 
will be used. In asphalt-paved 
structures also thermal insu-
lation may be used to keep the 
structural thickness reasonable. 
The design in the Finnish terrain 
and soil circumstances shall to 
a great extent be carried out 
according to method a) when the 
CRREL methods are applied. 
However, in method b) there 
would be much to learn about the 
homogenization of subgrade and 
removal of stones as a levelling 
method of differential frost 
heave. 
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B 4423 Frost design of the 
road structure in 
Swit zerland 
Frost circumstances in Switzer-
land are very sirnilar to those 
in Southern Sweden. The highest 
design freezing indices are in 
correlation to the lowest Finnish 
indices (about 20000C x h) 
The frost design of the road 
structure is based on own ex-
periences and on the AASHO road 
test /4/. Frost conditions are 
defined as easy (Figure B4-23) 
when the depth of frost pene-
tration is not more than 1,4 m; 
frost protection is actually 
studied only when the depth of 
frost penetration is more than 
1,4 m and the groundwater table 
is high. The total thickness of 
the pavement structure is di-
mensioned so that 60 % of the 
frost penetration depth will be 
compensated by non-frost-sus-
ceptible material, Figure B4-
24. The thickness of the struc-
ture for an asphalt-paved road 
in severe conditions can be ob-
tained from the diagramme in 
Figure B4-25. 10 % of the thick-
ness can be reduced in less se-
vere conditions. As to concrete 
pavements 15 % of the thickness 
is reduced. According to the 
Swiss standards this reduction 
is justified, because it is not 
necessary to take into account 
the decrease in the spring 
bearing capacity. To control 
differential frost heave, homo-
genizing frost-susceptible sub-
grade soil and transition wedges 
down into the non-frost-suscep-
tible depth are emphasized in 
the standards. The spring bearing 
capacity is taken into account 
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FIGURE B4-23. Frost conditions 
and design principles of pavement 
structures according to the 
Swiss standards /4/ 
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FIGURE B-25. Total thickness of 
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in the load-bearing design so 
that the structure dimensioned 
to the average load-bearing 
capacity of the subgrade soil 
and to the traffic of the entire 
year is tested by means of the 
load-bearing capacity and traffic 
during thawing. The decrease in 
the spring bearing capacity is 
ignored in the design of concrete 
pavements. 
B 4424 Frost design of road 
structures in Norway 
Freezing indices are the most 
important variabies in the 
frost design principles /10/ of 
the Norwegian design standards, 
Figure B4-26. The design freezing 
indices and the corresponding 
structural thicknesses are 
defined beforehand. Local frost 
conditions and traffic fiows 
deterrnine whether the dimen-
sioning is carried out as a 
load-bearing or as a frost 
protection design. Also variable 
freezing index probabilities 
are used in the design in Norway. 
The highest freezing index 
occurring only once in ten 
years is used only for greater 
traffic fiows in difficult 
traffic ccnditions, otherwise the 
design is based on freezing 
indices occurring every five or 
every two years. Maximum values 
have been defined to the total 
thickness of the pavement (1.2, 
1.5 and 1.8 m); these values 
are not exceeded although a 
local freezing index would so 
imply. The frost protection of 
concrete pavements leads to the 
same pavement structure thick-
nesses (Figure B4-26) as with 
asphalt pavements - only with 
the foliowing exception. A 
frost protection thickness of 
not more than 1,2 m is required 
for concrete pavements under 
traffic fiows of 1000-10000 
vehicles/day in medium difficult 
conditions while asphalt pavement 
is designed just on the basis 
of the load-bearing capacity in 
such conditions. On the other 
hand, concrete-paved roads 
under the same traffic flow in 
-22 2- 
easy frost conditions are de-
signed only on the basis of the 
load-bearing capacity which 
leads clearly to a thinner 
pavement structure than on 
asphalt-paved roads. 
B 4425 Frost design of the 
road structure in Sweden 
A new design method of the 
pavement structure for asphalt-
paved roads /8/ has been devel-
oped in Sweden in 1984. The 
method is based on the results 
and analytical calculations 
obtained from field and labora-
tory tests. The design is carried 
out by means of tabies, Figure 
B4-27. Alternative structures 
can be chosen when the traffic 
flow, quality of the subgrade 
soil, freezing index and the 
drainage conditions are known. 
In the frost protection design 
the country is divided only into 
three areas. Total thicknesses 
of pavement structures according 
to subgrade soils and drainage 
conditions have been defined 
for them. According to the 
design tabies the maximum thick-
nesses of the pavement structure 
depending on the freezing index 
are 1000 - 1100 mm in Sweden. 
These are clearly smaller figures 
than those in Norway and Finland. 
Concrete pavements are not 
included in the official Swedish 
road design instructions. The 
same frost protection thickness 
as in the official instructions 
of asphalt roads /9/ has been 
mentioned in the instruction 
draft of concrete pavements. In 
the manual "Betong p mark" 
/29/ of 1985 a design principle 
for concrete pavements has been 
described according to which 
the total thickness of the 
pavement structure would remain 
600 - 700 mm at the most, i.e. 
about 35 % smaller than that of 
asphalt-paved roads, Figure B4-
28. 
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FIGURE B4-28. Design of the 
coricrete-paved structure 
according to the Swedish instruc-
tions 'Betong p mark' /29/ 
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TABLE B4-3. Frost design princi-
ples in different countries 
Design frost 
irx 
(C x h) 
Design principie Differences in 	ncrete and as*a1t 
structures in frost dasign 
______ 
Southern seasonal < 3000 100 % (of the frost 	netration depth is caten- 
frost action onuotries sated by non-frost-susceptible material, 
Fig. 84-23) 
tJS 	and Canada < 60000 80 % 	(Fig. 84-22) 
or hcsgenizatiOfl + ioad-bearing dasign (cgenization leads to a thinner 
basad on the annual 	ightad bearing va.lue structure 4en onncrete) 
Switzeriand < 20000 60 % 	(Fig. B4-24) 15 % THI15 	?00 USIG CXtQTE 
the base stnicture can also be hrs2enizei 
and stabilized 
NOXWaY rio Standard stxuctural thicknesses definad (2P,XLY FO DI}T52I.S 
3000. . .55000 acrding t.o the traffic fiow. front onndit jona 
and frost indes (Fig. 34-26) 
Swedan rio Standard structural tflicknesses defined A STRILTURE 	IO IS 35 % 'rHINN 	TH 
3000.. .55000 acooxxiing to the traffic f1, frost onditions T or SPHNT-PAVa) PCDS SIXXZSTEI) 
and frost index (Fig. 84-27) EX 	CIE 	.DS 
Finland rio ?) DITES in the sotOrway ciass. 
20000.. .60000 Minisrxn thicknesses and variation limita ali inferior roada and streats a 
aonnrding to the road class, drainage 	ditions thicker structure ja reguirnd. 
and frost index (Fig. 34-19) 
B 4426 Sumiary of frost design 
differences 
The foliowing differences can 
be seen in the frost protection 
of concrete and asphalt pave-
ments based on the above descrip-
tions, Table B4-3. 
Generally there are no consi-
derable differences in the 
frost protection of rigid and 
flexible pavement structures. 
If there are differences they 
usually suggest a thinner struc-
ture for concrete pavements. 
Only the Finnish and partly the 
Norwegian design instructions 
refer to the opinion that a 
stricter attitude towards frost 
heave should be taken when 
designing concrete pavements. 
On the other hand, the above 
description reveals how different 
countries make out their design 
instructions and collect their 
experiences in very variable 
circumstances. 
As far as the entire Country iS 
Concerned Finland has apparently 
the most difficult frost aCtion 
circumstances of the seasonal 
frost Countries studied, but 
Finland takes also the smallest 
risks in the design of the 
frost protection of new roads. 
B 443 Other means to prevent 
frost damage 
In addition to the non-frost-
susceptible pavement structure 
and to homogonizing the sub-
grade soil also many other 
measures can be taken to prevent 
frost damage, Table 2. 
a) Transition wedges complete 
the frost protection of the 
pavement structure everywhere 
where the thickness of the 
pavement structure ±5 less 
than frost penetration depth. 
The significance of the 
transition wedges is empha-
sized in the Scandinavian 
design and Construction 
practice, the Finnish practice 
in Figure B4-29. In some 
cases in Switzerland tran-
sition wedges can be ignored 
or frost penetration made 
lower if full-depth cement-
stabilized pavement structures 
are used. Elsewhere the 
surface sLLab or any other 
bound struCture has generally 
no influence in the need of 
transition wedges. 
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Transition wedges 
Longitudinal wedges 
1. Rock / frost-susceptible soil 
- 	 -- ---- 	 ------- L-k(SR) 	- 	 5.OrT - -- 	 eventual subcut 
Ri, T_ 	- , 
Frost-ausceptible soil 	non-frost-suaceptjble till, 
mostly blastad rock 
2. Rock / non-frost-susceptib1e___,.-- ---- soil 
- - - - - 	 5,Om 	
eventujut 
Ri 	 '4 
.:........ 
Non - frost -susceptible soil or 	till Ot 	 ntersect1on ot rock and 
embankment 	 blasted rock 	 blasted rock when no subcut is done 
3. Frost-susceptible soil / non-frost-susceptible soil 
Lk 	S-R) 
'\ 	L,_& 
R i- 
evenrjTj)7" 
the till of the wedge,.q 	Non-frost-susceptible Frost-susceptible soil 	usually the aarne as ernbankznent the embankrnent 
4a. Frost-susceptible cut / frost-susceptible embankment, 
the depth of the Cut increases strongly 
(>1:10) Lk 	(t 25rn -R 1 	 Lk 	CI 25m - R 
'\ 	t,LZni 
Rt1 
,;.:;&:=:-•- 
eventual filterj 
Frost - susceptjble soil 	 ernbankinent 
4b. Frost-susceptible cut / frost-susceptible embankment, 
Lk 	(I,25m - R) 	the depth of the Cut l:IOf 	 increases gently 	(^ 1:lØ) 
R1 -. 
Frost-susceptible soil 	 Frost-susceptible ernbankrnent 
frost - suscepttible fCll 
Ik . 	gradient of the wedge (depends on the 	road class and conditions) 
L 	wedge length 
R 	• 	thickness of the 	non-frost-susceptible structure 
S 	• depth of the transition wedge 
Kuva 	32:3 
FIGURE B4-29. The structure of 
transition wedges according to 
the instructions of the Road 
and Waterways Administration /16/ 
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b) The transition wedges can be 
compensated by thermal insu-
lation or the frost pene-
tratioa can be otherwise 
partly or totally prevented. 
The Finnish dimensioning 
principle for thermal insu-
lation is discribed in Figure 
30. In principle thermal 
insulations are suitable to 
be used in connection with 
concrete pavements. When the 
insulator takes care of the 
frost action probiem, the 
structure can be designed on 
the basis of the load-bearing 
capacity and thus the rigid 
structure will be at its 
best /39/. When expanded 
clay is used, it evens p05-
sible differential settlements 
at the same time. Instructions 
have been drawn up to build 
base course of Styropor 
concrete or of other thermal 
insulating material among 
others in Germany and in the 
United States, /40, 41, 42/. 
In practice, the require-
ments of thick covering 
layers and the high prices of 
insulating materiais restrict 
the use of insulators to tran-
sition wedges and other local 
objects, at least for the time 
being. 
c) Also the design of drainage 
can considerably affect both 
frost action and frost damage. 
By locating the vertical 
alignment of the road as 
high as possible above the 
groundwater table the forma-
tion of ice lenses can be 
prevented. The drawdown of the 
groundwater table with open 
ditches or with subdrains 
may lead to the same resuit. 
A distance of 1,2 - 1,5 m 
between the vertical alignment 
and the groundwater table is 
demanded for example in the 
northern parts of the United 
States. The location of the 
vertical alignment or the 
drawdown of the groundwater 
table are not enough to 
diminish the risk of differ-
ential frost heave in the 
Finnish conditions of deep 
frost and variable ground-
water table. Both measures 
are, however, important also 
here, because they reduce 
frost action damage and make 
the design of the pavement 
easier. 
d) Besides the location of the 
goundwater table in relation 
to the vertical alignment 
also adequate drainage of 
pavement layers is important 
for the durability of the 
road in seasonal frost condi-
tions. Inadequate drainage 
reduces the spring bearing 
capacity. Repeated freeze-thaw 
cycles - although they take 
place in non-frost-susceptible 
soils - cause pavement damage 
and irregularities during 
the course of time -especially 
if the pavement structure is 
water-saturated when freezing. 
As to the concrete pavement 
inadequate drainage of the 
surface strains joints and 
causes cracking. Intensifi-
cation of the drainage of 
the pavement structure is an 
object of interest everywhere. 
Traditional open ditches are 
not considered sufficient 
any more, but the applica-
bility of subdrains at pave-
ment edges, Figure B4-31, is 
also contradictionary. Open 
pavement layers - also on 
siopes -can improve drainage 
whether or not subdrains are 
used. In any case efficient 
surface drainage can be 
considered essential for the 
long-term durability of the 
road no matter whether it is 
a question of asphalt or 
concrete pavements. 
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THERMAL INSULATION THICKNESSES 
ACC. TO TVH 
- the pavement structure on top of the insula-
tion layer acc. to the load-bearing design so 
that the compressive stress of the insulation 
layer1/3 x the compressive trength of the 
insulation layer. E = 30 MN/m' on top of the 
insulation layer assumed in Finland. 
- to prevent slipperiness a sufficient amount 
of aggregate on top of the insulation layer, 
a^450 mm in Norway, a.700 mm in Finland 
- an insulation layer of extruded polystyrene 
plastics or expanded clay (thickness ratio 
1:6). When using extruded polystyrene the 
insulating thickness b is 30-100 mm in practice. 
If these thicknesses are not sufficient for 
complete frost protection, the thickness c of 
the filter course ±3 increased under the insu-
lation layer. 
- the thermal insulated road structure aims 
mostly at compl?te thermal insulation. If 
frost penetration to the subgrade is allowed, 
the thickness of the filter course and that of 
the insulation layer can be diminished. In 
Finland c min = 150.. .200 mm. 
- thermally 1 cm non-frost-susceptible material 
under the insulation layer is much more effec-
tive than on top of the insulation layer; 
hence the minimum thicknesses required by the 
load-bearing capacity and slipperiness are built 
on the insulation layer and possible additional 
thicknesses underneath. 
F d[mm] 
850 	950 1 1050 1 1250 1 1500 1000 x Cx h bo[mml 
20-25 60 50 40 30 0 
25-30 65 55 35 30 
30-35 80 70 50 30 
35-40 95 85 65 40 
40-45 100 80 55 
45-50 115 95 70 
50-55 130 110 85 
55-60 14 125 10L 
FIGURE B4-30. Design principles 
of the thermal insulated struc-ture/3, 16/ 
The table gives the necessary 
insulation thicknesses for thermal 
insulation in difficult frost 
conditions when the insulation layer 
is wet. In medium-difficult conditions 
b = b0-30 mm; when the insulation is 
dry b = 0,85 b0 . 
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/ 	Shoulder (asph.) 
/ 
Compact aggregate 	pavem. 
y b 	 Open aggregate 
b Gravel or sand 
•:° ____ 	vSubaade surface 
•0 1 
FIGURE B4-31. An example of the 
structure and location of sub-
drains 
B 45 	EXPERIENCES OF CONCRETE 
PAVEMENTS IN SEASONAL 
FROST COUNTRIES 
B 451 Experiences from North 
Zmerica 
Concrete pavements have been 
built also in frost-susceptible 
conditions in North America 
since the 1930s. The widest 
projects were executed in con-
nection with the main road 
network in the 1950s and 1960s. 
Ali these concrete pavements 
are now worn out and most of 
them repaved. The durability 
and damage of these pavements 
have widely been analyzed and 
new design instructions have 
been made out on the basis of 
the experience. Frost heave ±5 
oniy one factor for the damage 
to concrete pavements and for 
the decrease of the service 
level - views of its magnitude 
vary in different states. Pro-
jects carried out on the basis 
of the new design instructions 
(shorter slabs, dowei bars) in 
the 1970s and 1980s are fewer 
and only short-term experiences 
of their durability is avaiiable. 
Main attention is paid to the 
rehabilitation of old slabs and 
to their repaving. Inspite of 
cutting down road investments 
the knowledge of concrete pave-
ments is stiil kept up in most 
northern states. 
Positive experiences of the 
durability against frost are 
reported from Minnesota, from 
the mid-part of the United 
States (freezing index 20000 x 
30000 00  x h) . Concrete pavements 
have been built on the Interstate 
highway network and on main 
roads in the surroundings of 
Minneapolis. New concrete pave-
ments are under construction 
ali the time, /32, 34/. 
There are about 550 km of con-
crete pavements in corresponding 
conditions to those of Northern 
Finland (freezing index about 
45000 00 x h) in Manitoba in 
Canada - in the adjoining state 
of Minnesota. Old pavements are 
mostiy 15 -20 cm thick, unrein-
forced slabs of 6 m on an unbound 
base. The new standard pavement 
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is 25 cm thick, the slab is 
unreinforced with skew and random 
spaced joints (3.6 m, 3.9 m, 
5.1 m, 5.4 m) and without dowel 
bars. Approximately 13 km of 
new pavements are built annually. 
Separate frost bumps may appear 
at culverts or where the homoge-
nizing has been badly carried 
out. Concrete pavements become 
irregular in the course of time 
and drivers are not always 
satisfied. Because concrete 
pavements are reliable and 
durable structures as to their 
load-bearing capacity, the 
present concrete roads will be 
preserved as concrete roads by 
developing rehabilitation and 
repaving methods, /31/. 
Frost and rainfail conditions 
corresponding to those in Finland 
are prevaiiing also in Wisconsin 
- in the eastern neighbour of 
Minnesota. There are many con-
crete pavements of different 
ages in a different condition 
(about 10000 km) . Haif of the 
concrete pavements are unrein-
forced, and the slabs are not 
equipped with dowel bars. The 
latest pavements have been 
built with skew joints and with 
random slab lengths. In connec-
tion with the research journey 
we saw pavements in a good 
condition but also pavements 
that had failed aiready in the 
construction phase. New pavements 
are being built and old pave-
ments are being repaved ali the 
time. North of the capital 
Madison a modern two-lane pave-
ment was photographed, Figures 
B4-17, B4-18, in the joints of 
which there were regular bumps 
of 2 - 3 cm apparently caused 
by frost heave, /32/. 
There is a long construction 
tradition of concrete pavements 
(about 15000 km) in the state 
of Michigan. The applicability 
of the concrete pavement in 
severe conditions is, however, 
continuously discussed due to 
reduced evenness in the course 
of years./33/ 
Not very many concrete pave-
ments have been built in the 
cold regions (>10000 C x h) of 
the northeastern states, New 
York, Vermont, New Hampshire 
and Maine. According to the 
authorities the reason for this 
reluctance is the risk for 
differential frost heave. Another 
reason is the lack of high 
traffic density in these regions. 
Concrete pavements have been 
built only in southern parts of 
Ontario in Canada, where the 
conditions are equal to those 
in Southern Finland or even 
milder. No frost action problems 
are reported from Ontario. New 
concrete pavements have not 
been built since 1974 due to 
lack of suitable projects. No 
concrete pavements have been 
built in the northern parts of 
the state due to the cold cli-
mate, /32/. 
There are about 600 km of con-
crete roads in Quebec, mainly 
in the surroundings of Montreal 
where the freezing index is 
equal to that in Southern Fin-
land. 500 km of these roads 
have been built before 1970 and 
they are now mainly paved with 
asphalt or otherwise recon-
structed. 35 km of new concrete 
pavements have been built in 
the 1980s. Also the new pave-
ments have caused problems as 
to the service level and damage, 
the public opinion has turned 
against concrete pavements. The 
difficulties are related to the 
stepping at joints of old pave-
ments but also to the bad con-
struction quality due to dimin-
ishing craftsmanship. A public 
committee has studied the condi-
tion of concrete pavements and 
the future pavement poiicy in 
1987 and recomrnended short 
slabs with right-angled joints 
and equipped with dowel bars as 
a type of new pavements. The 
committee also recommends a 5-
year-programme to preserve the 
craftsmanship. It also seems 
possible that Quebec won't 
build any concrete pavements 
for the time being, /30/. 
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The researchers of the US Army 
Coid Regions Research and Engi-
neering Laboratory, C.R.R.E.L, 
have a clearly reluctant attitude 
towards concrete pavements in 
cold regions. In their opinion 
homogenizing - widely used in 
North America - is not suffi-
cient to prevent differential 
frost heaving and detrimental 
unevenness. If, on the other 
hand, a thick non-frost-sus-
ceptible pavement is built, the 
concrete pavement loses its 
competitiveness in traditional 
road projects. The alternative 
structures described in Chapter 
B 4422 can be used as a technical 
alternative according to the re-
searchers, but in practice they 
recommend unbound layers and 
asphalt surfaces when traffic 
fiows are not very great. The 
researchers of CRREL emphasize, 
however, that their point of 
view is primarily geotechnical 
/32/. 
According to the American Conrete 
Pavement Accociation, ACPA, 
concrete pavements are suitabie 
also in cold climates. ACPA 
makes out semi-officiai design 
instructions and they are engaged 
in wide training activities ali 
over the United States. Unrein-
forced short slabs equipped 
with right-angled joints and 
dowel bars are recommended as a 
pavement type in cold regions, 
/32/. 
B 452 Experiences from Europe 
The frost penetration depth is 
generally not more than 80-
100 cm in Central Europe and at 
least the main roads are built 
down to the non-frost--susceptible 
depth; thus actual frost damage 
is not reported. There are 
long-term concrete road tradi-
tions alo in Central Europe; 
old, worn-out pavements can be 
found. The damage of these 
pavements is partly due to 
frost action but frost action 
is not the main pavement-strain-
ing factor. Instead, repeated 
freeze-thaw cycles may cause 
cracking and scaling on the 
pavement. 
In the Austrian and Swiss Alps 
concrete pavements have been 
built on motorways and their 
high-class pavement structure 
can sufficiently prevent also 
frost damage. Thus, as to frost 
action, concrete pavements have 
very well been established in 
these countries. Dowel bars are 
necessary to ensure a durable 
evenness. As to the service-
ability the best concrete pave-
ments can be found in Switzerland 
and Austria, /35/. 
There are not many concrete 
pavements in Scandinavia and 
thus experiences of the suffi-
ciency of the frost design are 
inadequate. Oldest pavements of 
the 1930s have been repaired 
partly because of frost damage. 
Thus attention has been paid to 
the frost protection design and 
the latest concrete pavements 
have quite well been preserved 
and frost action has not reduced 
the service level. Singie frost 
damage can be found on present 
concrete pavement sections: for 
example in Norway a section of 
about 40 m on the road section 
Klinestad - Langker on the 
Main Road E18 built in 1979 has 
apparently been destroyed due 
to frost action. Both frost 
heave and a decrease in the 
spring bearing capacity at the 
intersection of a sioping terrain 
and a cut have been exceptional 
and cracking has quickly ad-
vanced. Other parts of the road 
are in a perfect condition, 
/36/. A corresponding but a 
miider damage has taken place 
at the intersection of an embank-
ment and a low rock cut on the 
Kalkkitie in Parainen, Finland 
(built in 1982, Figures B4-32, 
B4-33) 
• 
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Frost action is regarded as a 
partial reason for the damage 
on concrete pavements built in 
the 1960s in Malmöhuslän in 
Sweden. This is one of the 
reasons which have resulted in 
the opinion in later cost com-
parisons that a concrete pave-
ment causes additional costs in 
frost protection, /37/. 
• • 	, 	
•.'. 	
- 
FIGURE B4-33. Frost damage on 
Kalkkitie in Parainen, a slab 
damaged by frost 
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B 46 	SUNMRY OF CONCRETE 
ROADS IN SEVERE CLIMATES 
Concrete and asphalt pavements 
are equally included in the 
official design instructions 
ali over Europe and North 
America. Both ways are suitable 
for structural design also in 
severe circumstances. As a 
rule, the requisite pavement 
thicknesses are of the same 
size range for both pavement 
types; according to some instruc-
tions thinner pavement layers 
may be built when concrete is 
used. Today the American design 
practice is cautious with the 
use of concrete in cold sea-
sonal frost conditions. This 
results from the irregularity 
of old pavements due, at least 
partly, to repeated differential 
frost heaving. However, in 
evaluating the American situ-
ation the following points 
should be considered: lack of 
actual frost protection (the 
homogenization of the subgrade 
soil is counted upon), old-
fashioned design of the slab 
from the European point of 
view, and a low strength con-
crete. Unevenness caused by frost 
action is not known in Central 
Europe or it has been overcome 
by modern design. Cold climatic 
conditions, however, reduce the 
competitiveness of the concrete 
alternative to some extent; the 
good load-bearing capacity of 
concrete pavements will be 
better utilized in non-frost--
susceptible circumstances. 
From a general point of view 
the frost conditions are more 
difficult in Scandinavia than 
in the rest of Europe and the 
Finnish conditions are the 
worst in Scandinavia. When 
calculated per project, how-
ever, only 10 - 20 % of the 
road length must be dimensioned 
to the extreme frost conditions, 
for the main part of the network 
iength the location of the 
vertical alignment, subgrade 
soii type etc. keep frost damage 
moderate. In any case the frost 
protection practice applied 
elsewhere should not directly 
be followed in the severe Scandi-
navian conditions. Generally, 
concrete pavements are not 
included as an equal alternativ 
to asphalt pavements in th 
official Scandinavian desig: 
instructions. There are unoffi-
cial instructions available for 
the design of concrete-pave 
road structures in Sweden anc 
Finland; the official desig: 
instructions are not sufficient 
even in Norway and Denmark. It 
seems that the frost protectior 
has been solved temporarily, on 
different grounds in different. 
Scandinavian countries. Finland 
has adopted the most cautious 
line of action; Norway and 
Sweden design ali their road 
structures with a greater risk 
for frost action. 
The following answers to the 
questions asked in Chapter B 40 
can be given as a surnmary: 
1) The rigidness of the concrete 
pavement cannot be utilized 
as a reduced pavement struc-
ture thickness in the Finnish 
conditions. Instead, in 
thermally insulated structures 
the concrete pavement opens 
new possibilities also in 
the thickness design. On the 
other hand, there are no 
grounds for the belief that 
the concrete pavement would 
demand a thicker frost pro-
tection than the asphalt 
pavement. Hence, as to the 
frost protection both pavement 
types are equal. Whether the 
current Finnish frost pro-
tection design procedure 
shouid be revised is another 
guestion. 
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2) The concrete pavement has 
every qualification to pre-
serve its evenness also in 
frost-susceptible conditions 
in the long run if the struc-
ture is properly designed. The 
joints are always the weak 
point of the concrete pave-
ment. Slab movements, water 
and ice strain the joints 
greatly in the seasonal 
frost conditions. Thus a 
good service level requires 
special attention to the 
joint design, work perform-
ance and maintenance. 
3) Concrete pavements should be 
designed as short slabs 
(about 4 - 5 m) and equipped 
with right-angled transverse 
joints and dowel bars in 
frost-susceptible 	circum- 
stances. This design principle 
has aiready been adopted in 
Finland; foreign experiences 
confirm that it is a right 
solution in the Finnish 
conditions. 
4) According to foreign experi-
ences 	concrete pavements 
have preserved as well in 
frost-susceptible 	circum- 
stances as in warmer condi-
tions. Repeated freezing and 
thawing is a stress factor 
which together with other 
factors will fatigue the 
pavement and the entire road 
structure. 	As 	material, 
concrete can endure the most 
severe circumstances. As a 
pavement concrete is the 
most 	reliable 	structural 
alternative as to its load-
bearing capacity and service 
level also in seasonal frost 
conditions. 
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B5 
CONCRETE PAVEMENTS ON WEAK AND 
COMPRESSIBLE SOILS 
B 50 	INTRODUCTION 
The level of the road surface is 
not permanent. In addition to 
frost heave also settlement and 
deformation caused by different 
reasons reduce the evenness of 
the road surface and strain the 
durability of the pavement in the 
course of time. Embankments 
often become even more compact 
than after the paving, permanent 
settlernent may take place during 
thawing and the fatigue of the 
pavement or the pavement struc-
ture under traffic loads may 
cause rutting or settlement on 
the road surface. In Finland 
the most significant settlement 
risk, however, is caused by the 
consolidation of the road bed 
soil. 
Settlement can be prevented or 
at least levelled by good design 
and high-quality construction 
work. However, it is often inap-
propriate to build roads insen-
sitive to differential settle-
ments when long road sections 
lie on deep compressible soils. 
The embankment will then be 
built just on compressible soil 
and differential settlement is 
to be expected. In Finland this 
expectation means that cosmetic 
and even traffic faults are 
endured to a relatively great 
extent, only olearly detrimental 
differential settlement and 
pavement damage are repaired. 
Thus a functional vertical 
alignment, deviating from the 
original one will be formed to 
the road syrface in the course 
of years. 
As to asphalt pavements settle-
ment can be levelled when the 
pavement is reconstructed due to 
wear or other reasons. Regarding 
concrete pavements a repeated 
levelling is more difficult, 
but, on the other hand, the 
concrete pavement as such pre-
vents and leveis deformation of 
the road structure. 
The behaviour of concrete pave-
ments on weak and compressible 
soils arouses many interesting 
questions: 
- What kind of differential 
settlement can be allowed 
without breaking the concrete 
pavement itself ? 
- Can the service level of the 
concrete pavernent be preserved 
good also on compressible soils 
during the entire service 
life ? 
- Do concrete pavements require 
more expensive subgrade 
strengthening measures than 
asphalt pavements to restrict 
settlements ? 
- How settlements of concrete 
pavements can be repaired ? 
- Can the rigidity of the con-
crete pavement be of benefit 
to levelling differential 
settlements ? 
These questions will be dealt 
with on the basis of Finnish 
and Swiss experiences in the 
foliowing. Internationally, 
concrete pavements are regarded 
as pavements suitable only for 
subgrade soils insensitive to 
differential settlernents. Thus 
active interest in the study of 
the settlement of concrete 
pavements has been shown only 
in countries where they are 
generally constructed and where 
much compressible subgrade soil 
is to be found. In addition to 
Switzerland and Scandinavia 
such countries are at least 
Holland, certain states in the 
Soviet Union, Canada and in the 
United States. 
In order to get a general view 
of the significance of the 
settlement issues in Finland 
also causes for settlement and 
the Finnish design practice are 
dealt with in the following. 
B 51 	BASIC FACTS ABOUT 
SETTLEMENT AND SETTLE-
MENT DAMAGE ON ROADS 
B 511 	Causes for and conse- 
quences of road settle-
ment 
A load which strains the subgrade 
or the road structure is the 
cause for consolidation or 
differential settlements. The 
load can be: 
- the weight of the embankment 
on a compressible soil or on 
a soil liable to siides 
- the drawdown of the ground-
water table in connection 
with drainage of the road 
- the weight of the embankment 
itself on a badly compacted 
embankment or on an embankment 
loosened by frost 
- a traffic load as a compacting 
or fat±guing factor of the 
structure 
- dynamic impacts of traffic 
fiows 
This results in differential 
settlement of the road surface 
and in a decrease of the service 
level of the road in the course 
of time. Settlement due to the 
compaction of the embankment or 
traffic loads can be controlled 
by means of construction design. 
Instead, settlement caused by 
the consolidation of the subgrade 
soil must be studied by soil 
mechanics. 
B 512 	Consolidation of the 
subgrade soil 
Total settlement of the sub-
grade soil due to the road 
embankment load can be described 
with the following formula /12/: 
S = Sa+Sk+Sd+S 
S = total settement 
Sa = initial consolidaton 
Sk = primary consolidation 
Sd = settlement due to 
deformation 
S = secondary consolidation  
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Initial consolidation Sa 	( 
elastic consolidation) takes 
place in the subgrade soil 
immediately in connection with 
the embankment construction 
and, in any case, during the 
road construction; thus, as a 
rule, it has no importance in 
the settlement study later on. 
Settlement due to deformation 
Sd can be significant, if the 
shearing resistance of the soil 
is low or if the strength of 
the embankment against slide is 
low, but, however, Sd is ignored 
n normal safety factors of 1,5 
- 1,7 jn settlement calculations 
- also because there is no 
reliable method for its mathe-
maticaldefinition. Thus, settle-
ment of the embankment as a time 
function is considered to resuit 
from actual consolidation Sk 
and secondary consolidation S 
(Figure B5-1) 
T _______ 	TIME T (Logl ____________ 
Initidi settlernent 	T1 - 
consol 1 
- Second Sett1emrit 	consolidation sj 
s 	4 
FIGURE B5-1. Time consolidation 
curve of compressible soils 
(additional load p, at the 
moment To) 
Consolidation of a fine-grained 
soil layer is usually the great-
est part of the total settlement 
in magnitude. The magnitude 
depends on the size of the 
additional load, depth of the 
weak soil and on the compres-
sibility properties of the soil 
deposits (Figure B5-2) . The 
compressibility is defined from 
undisturbed soil sampies with 
an oedometer. Because it is 
known that compressibility is 
directly proportional to the 
moisture content of the soil 
layer, the magnitude of the 
consolidation can roughly be 
determined also by the moisture 
content (Figure 35 - 3) . /11, 13/ 
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\h  
wi hi Cci 	 Sk 	h x Cc x log po+ Ap 
- 	Ro1 _________ 	1 	1+Ro 
W2 h2 Cc2 
- 	RO2 ___________ Sk = consolidation settlement 
h 	layer thickness 
w3 h3 Cc3 	
Cc = compressibility coefficiendefined in a 
Ro = origirial void ratio 	j oedometer tes 
- 	Rp3 Po = effective stress 
= additional load 
FIGURE B5-2. Calculation of 
consolidation settlement SK /11/ 
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FIGURE B5-3. Relative settlement 
as a function of water content 
and load /11/ 
As qualifications af soil layers 
and the effective additional 
load vary in the upright direc-
tion, total settlement is defined 
as a sum of the differential 
settlements calculated layer by 
layer. As a rule, settlement 
calculations 	at 	individual 
spots are nowadays made by 
means of computer programs and 
they give relatively reliable 
forecasts of the magnitude of 
settlements. The time dependence 
of consolidation is defined by 
means of an oedometer test 
(Figure B5-1) . Consolidation of 
coarse-grained soils takes 
place qui:kly due to good water 
permeability, but consolidation 
of fine-grained soils (clay, 
gyttja, peat) occurs in the 
course of years to the degree 
that water is running away from 
pores and the pore-water pressure 
is decreasing. When taking into 
account also the secondary 
consolidation Sj the settle-
ment of the embankment with 
ground clearance can be consi-
dered to continue on weak soils 
of clay, gyttja and peat during 
the entire service life of the 
road. There are practical exam-
pies that total settlements can 
be as great as 1 - 2 m. 
B 513 	Differential settle- 
ments of the subgrade 
soi 1 
For the definition of differ-
ential settlements along the 
road alignment the above investi-
gations and calculations at 
various spots must be carried 
out and the settlement profile 
of the road investigated. An 
exact definition of differential 
settlements is a troublesome 
and difficult task. Although 
the depth of the weak soil and 
the height of the embankment 
are constant, differential 
settlements will vary on dif-
ferent road sections due to 
variations in the moisture 
content. When taking into account 
embankment heights and alter-
ations in the depth of the weak 
soil layer the evaluation of 
the settlement profile is an 
even more difficult task. As a 
rule, a design based on a few 
calculations at various spots is 
regarded as sufficient. 
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B 514  Inconveniences due to 
settlements and repair 
measurement s 
The damage caused by settlement 
directs ac: 
- the outlooks of the road 
- driving comfort 
- driving safety 
- the durability of the struc-
ture 
Even small repeated settlements, 
especially on high-quality roads, 
can be considered at least 
cosmetic faults. The driving 
comfort will reduce if the 
driving speed has to be lowered 
due to impacts at vehicles. As 
to driving safety for example, 
transverse rutting of the road 
surface, gathering of water on 
the road surface or restricted 
sight distance due to settle-
ment may be fatal. As to the 
pavement structure the abrupt 
settlements for example at 
culverts will be most straining. 
Cracks, pop-outs and faulting 
can be produced on the pavement. 
Intersections of a settled 
embankment and an undepressed 
structure like those of a bridge 
and a rock cut are critical. 
Settlement does not necessarily 
cause any damage if it takes 
place evenly and for a suffi-
ciently long distance. The 
magnitude of settlement is not 
essential as such, instead, 
differential settlements and 
their siope in the longitudinal 
and transverse direction are 
important. Differential settle-
ments can be measured as a 
tilting speed W (o/oo), Figure 
B5-4. 
W 	2 Y - Yl Y3 
Y2 Y3 
FIGURE B5-4. Design principle 
of the tilting speed w (o/oo) 
/15/ 
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Siopes and slope changes are 
determined by levelling at 
intervais of one or two metres 
and they are cornpared with 
recommended values defined by 
tests, Figure B5-5. /11, 15/ 
The relation of the settlement 
depth and length can be in-
vestigated correspondingly, 
Figure B5-6. The damage can be 
estimated on the basis of the 
recommended values or on the 
basis of the change in the 
driving dynamics of the design 
vehicle (quantity k in Figure 
35-6) 
Functional class 
Allowed 
(o/oo) 
siope change 
Mininiun laxirnun 
quality quality 
level level 
Motorways 6 4 
Main roads 1 	and 	II 8 5 
Regional 	roads 11 7 
Coflector roads 16 9 
Connecting roads - 15 
FIGURE B5-5. Allowed longitudinal 
siope changes /11/ 
< k 	k = coefficlent depending on 
Vt'the design speed of the road 
and on the drining dynamics 
of the design vehicle 
FIGURE B5-6. The depth/length 
ratio of the settlement as a 
detriment rate /1/ 
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B 515 	Allowed settlement and 
the need for settle-
ment repairs 
Roads under traffic loads are 
not completely even, but there 
are settlements on them - at 
least to some extent - caused 
by different reasons. The extent 
of the damage degree endured 
influences not only the construc-
tion costs of the pavement 
structure and subgrade strength-
ening but also maintenance 
costs. The road category and 
design speed are the most im-
portant variabies in defining 
allowed settlements. The nume-
rical values in Figure B5-5 are 
adopted design values in subgrade 
strengthening in Finland. They 
are suitable for a general 
project general study of settle-
ment situations both for asphalt 
and concrete-paved roads. Conso-
lidation-induced damage in 
details depends on so many 
factors, as described above, 
that the allowed consolidation 
and differential settlements of 
a single road section are de-
termined in the course of design. 
In general, in Finland no atten-
tion to the consolidation of a 
road under traffic loads is paid 
until the driving comfort is af-
fected. When repair actions are 
taken, consolidation is generally 
greater than that in Figure B5-
5. The repair action inay include 
levelling the pavement with 
asphalt or wider repairs of the 
structure. A new vertical align-
ment may be designed for the 
repair; settlement repairs do 
not generally aim at the original 
vertical alignment of the road. 
B 516 	Prevention of consoli- 
dation damage 
The object of the road design 
is to produce as uniform and 
durable a road structure as 
possible conformed to varying 
conditions of terrain, soil and 
traffic. Settlement of the 
subgrade soil is one threat for 
the long-term service level of 
the road. Although it is not 
always possible to produce a 
road which is not liable to 
differential settlements, risks 
for detrimental consolidation 
can be minimized by careful 
design and construction, often 
without special additional 
costs. Preventive measures of 
this kind are at least: 
1) Means of geometrical desiq 
The location of the horizonT 
and vertical alignment car 
decisively effect on the 
formation of consolidatior 
settlements. The horizontal 
alignment must avoid abrupt 
transitions from firm soil to 
weak soil. The aim of the 
vertical alignment is a low 
and even embankment height 
and a gentle transition 
between weak and firm soil. 
The embankrnent height must 
be so adjusted that a good 
security against slide can 
be achieved (coefficient at 
least 1,5 - 1,7) . Thus de-
formation, which is not 
easily controlled, can be 
avoided. 
2) Means of structional design 
Addition of the rigidity of 
the pavement structure de-
creases local differential 
settlements and reduces the 
sharpness of the grade line 
alterations no matter whether 
they are due to deformation 
of the subgrade soil or 
embankment. A more rigid 
structure also retards changes 
in the line of maximum siope 
of the road surface. Coarse 
pavement materials, thicker 
bound layers and concrete 
pavements promote this object. 
Not only the rigidity of the 
pavement slab but also mate-
rial choices of the entire 
pavement structure and first-
rate performance of the 
construction work are impor-
tant in minimizing differ-
ential settlements. Pavement 
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structures on compressible 
soils are built as sandwich 
structures in Switzerland and 
Holland, Figure B5-7. A 
cement-treated layer as a 
lowest layer ensures the 
rigidity of the entire pave-
ment structure as the unbound 
subbase can more effectively 
be compacted. Acement-treated 
layer built on the lower 
part of the subbase could 
correspond to the sandwich 
structure in Finland (Figure 
B5-8) 
3) Subgrade strengthening meas-
ures 
If geometrical or structural 
measures do not resuit in a 
sufficiently good outcome in 
minimizing differential 
settlements the consolidation 
of the subgrade soil can be 
affected by special subgrade 
strengthening actions. Most 
typical measures are shown in 
Figure B5-9: 
- replacement of soil 
- light-weight embank 
ment material 
- deep vertical drainage 
with strip 
- deep lime stabilization 
- embankment piling 
and combinations of therr 
especially in transition 
structures 
Of the above methods the replace-
ment of soil is a natural and 
prof itable strengthening method 
when the strength of the subgrade 
soil is low, the replaced amount 
is reasonable and there are 
substituting materiais available. 
It is possible to build float-
ing embankments on compressible 
subgrade soils using expanded 
clay and other light-weigth 
filis, even so that the subgrade 
is not exposed to any extra load. 
Light-weight filis are effective 
to restrict consolidation settle-
ments; their use has increased 
year by year, especially in 
transition wedges. 
Normalprofil fur N3 SG Flums—MeIs 
250 	 $00 	 175 
compressible subgrade 	fili (0 - 60 cm) 
organic topsoil 	subbase (40 cm) 
polyethene sheet 
cement-treated iayer 
subsurface dram 	1. 
© 
© 
FIGURE B5-7. Sandwich structure 
on a compressible embankinent, a 
Swiss example /9/ 
polyethene sheet 
concrete pavement (22 cm 
shoulder pavement (asph.) 
median 
shoulder and slopefifl 
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Tsv 
(concr. or asph.+base) 
subbase course 
cemnt-treated laver 
filter 
FIGURE B5-8. Suggestion for the 
Finnish sandwich structure on a 
compressible soil 
a) Replacement of soil 
Permanent deep vertical drainage 
is a reliable, effective and 
profitable method to accelerate 
consolidation on deep compres-
sible soils. It is possible to 
produce aimost ali consolidation 
before paving the road and 
before opening it to traffic by 
resorting to permanent vertical 
drainage with strips and with 
ternporary overloads. Thus the 
risk for differential settlements 
decreases decisively. After the 
diffusion of the method it ha 
widely been adopted also ir 
Finland in the past few 
Deep stabilization ha: 
been carried out as lime piling. 
The method improves the stability 
of the embankment and reduce 
total settlement. The lime 
piling is a widely-used metho 
especially in the city street 
construction in Finland. Deep 
stabilization can be used alsc 
in soils where lime is not 
applicable by compensating lirn 
partly or totally with cemen 
Embankment piling is aiready 
traditional method in the pre 
vention of settlements; witF 
piles the embankment load cai 
be transferred through wea 
soil deposits anto the firm soiI 
bed or rock. The most typical 
area of piling is a high embank-
ment on deep compressible soil 
where the stability of the 
embankment does not allow 
building on the soil bed. Embank-
ment piling is an expensive and 
inappropriate method in the 
prevention of consolidation on 
wide road sections crossirig 
compressible soils. 
Sa 	 Sa 
Sa 	 Peplacement of soi 1 
Hard base 
b) Light fili 
Sa 
cl Verticat drainagewithstrip 	
1empora1y surcharge loading 
- 
II 	Ii 	
Iii 
Sa 	 ertca1drainage wlth strip 	 Sa 
dl Deep stabilization 
II 	II 	I 	II 	II 
soH H 	H H H 	Sa 
Lime or cement piling 
e) Embankment piliny 
Piling wlth wooden or concrete piles 
FIGURE B5-9. The most common 
subgrade strengthening measures 
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Use of the subgrade strengthening 
methods is most demanding in 
their application to transition 
structures, Figure B5-10. It is 
possible to build the inter-
section of an undepressed road 
section - bridge, rock cut etc. 
- and weak soil using subgrade 
strengthening rnethods so that 
the good service level of the 
road can be preserved during 
the entire service life. This 
calls for thorough terrain 
investigations and careful 
geotechnical design. Transition 
structures are often considerably 
expensive and hence they are 
sacrificed quite often - at the 
expense of the decrease in the 
service level and the increase 
in settlernent repairs. 
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FIGURE B5-10. Different kinds 
of settleinent wedges /11/ 
B 52 	OCCURRENCEOFWEAKSOILS 
IN FINLAND 
The post-glacial melting of the 
inland ice covered the main 
part of the present western and 
southern Finland under the sea. 
Fine-grained soils stratified 
(cedimented) into water during 
the sea and lake ages and now 
owing to the land rise they 
form the clay and gyttja layers 
on the coast of the Gulf of 
Bothnia and the Gulf of Finland, 
Figure B5-l1. The average thick-
ness of clay courses is 10 m, 
but especially in southern 
'inland clay areas can be wide 
plateaus in connection with 
rock exposures or moraine hills 
and their thickness can be tens 
of metres. The high moisture 
content and low strength are 
typical of Finnish clay courses 
due to their mode of origin and 
young age. Swamps are younger 
formations of soil which keep 
emerging mainly as a resuit of 
forests turning boggy. Water on 
water-soaked clay and moraine 
soils prevents the putrefaction 
of the vegetation which results 
in the formation of swamp peat. 
About 30 % of the area of Finland 
is covered by swamp. Peat courses 
are usually 2 - 3 m thick in 
northern Finland and 4 - 6 m 
thick in southern Finland. 
As far as the consolidation 
risk is concerned the most 
difficult areas in Finland are 
seaside areas. Differential 
settlements become prominent 
because there are many rock 
exposures and because moraine 
courses are thin. In other 
parts of the country the conso-
lidation risk is smaller and 
weak soil sections are shorter. 
From an international point of 
view the Finnish mineral soils 
are geologically very young 
(less than 10000 years) and the 
moisture content of fine-grained 
courses very high and the 
strength poor. Thus it is pro-
minently important to contro 
stability and consolidation 
problems in the constructiofl on 
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weak soils in Finland. Clay 
courses corresponding to those 
in Finland can naturally be 
found on the coast of the Gulf 
of Bothnia in Sweden and on the 
coast of the Gulf of Finland 
and Baltic Sea in Baltia. Thick 
clay soil sensitive to disturb-
ances are found on the Norwegian 
coast which geotechnically are 
very difficult. Weak soils are 
found also in other parts of 
the world; the design principles 
of their subgrade strengthening 
are similar to those described 
above, but the mode of origin 
and qualifications of the soil 
deposits are different to those 
in Finland. All over the world 
roads are more and more often 
built on mariginal subgrade 
soils unsuitable for any other 
purposes. That is why consoli-
dation problems are to be studied 
more and more thoroughly in 
most countries. 
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FIGURE B5-11. Mineral soils in 
Finland /12/ 
B 53 	SETTLEMENTS PaND WNQETE 
PAVEMENT 
The above survey has studied 
the environment in which the 
pavements are designed in Fin-
land. The survey has been made 
neutral on purpose; the basic 
data of consolidation are not 
related to pavement types. The 
main part of the Finnish roads 
are built on soils insensitive 
to differential settlements, but 
roads on swamps and on clay on 
the coast are to be sensitive 
to differential settlements. 
These roads will settle in the 
course of time and this will 
resuit in a reduction of the 
driving comfort and in certain 
maintenance costs. Finland has 
good experiences of the usage, 
durability and behaviour of 
asphalt pavements on compressible 
soils. The experienceS of con-
crete pavements are, however, 
restricted to few results from 
test roads. Hence, also the 
available foreign investigationS 
and experiences are resorted to 
in the foliowing study of the 
advantages and disadvantageS of 
concrete pavements on weak and 
compressible soils. 
B 531 	.A1vantages of conrete 
pavement 
It is a well-known fact that the 
great rigidity of the pavement 
structure will even out differ-
ential settlements. However, a 
mathematical demonstration of 
this fact has been proved dif-
ficult. Methods for the consider -
ation of the rigidity based on 
the investigatioflS at Newark 
Airport have been developed by 
Mr Nai C Young from the United 
States /1/. His general con-
clusions are: 
— The rigidity of the pavement 
contributes to a reduction of 
the reflection of differ-
ential settlementS as irregu-
larities on the road surface, 
although they cannot entirely 
be prevented. 
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- The rigidity of the pavement 
increases the wavelength of 
settlements and thus minimizes 
the damage of different±ai 
settiements. 
- A correctly designed rigid 
pavement restricts also total 
settiement /4/, since the 
stresses of the subgrade due 
to traffic ioads remain smail. 
- Contrary to a flexibie struc-
ture the rigid pavement endures 
stresse3 at the pavement caused 
by consoiidation and forms 
"bridges" over locai differen-
tial settlements. Not untii 
the relation between the 
depth and length of the settie-
ment is too great wili the siab 
break down and the road surface 
follow the consoiidation line 
of the soil. 
- Also the concrete pavement 
"bends"; the creep rate E - is 
about 1/3 of the E-modulus of 
concrete. 
On the basis of mr Yang's study 
it can be stated that if total 
settiement is reasonabie (with 
or without subgrade strengthen-
ing) a rigid pavement can even 
out differentiai settlements so 
that no measures are needed to 
improve the regularity of the 
pavement during the service 
life of the road. 
A weli-known Swiss concrete 
pavement expert Mr Willy Wiik 
agrees with the opinions of Mr 
Yang and he has continued in-
vestigations on the advantages 
of the rigidity in the pavement 
design /2,3,4/. In Mr Wilk's 
opinion not only the pavement 
thickness but aiso the rigidity 
of the entire pavement structure 
is to be determined on the basis 
of soil properties and evenness 
requirements when a road struc-
ture sensitive to differentiai 
settlernents ±5 designed, Figure 
B5-12. Mr Wiik points out that 
a cement-treated layer on the 
lower part of the pavement 
structure is an irnportant advan-
tage on weak and compressibie 
soil (compare with Figure B5-7) 
- The 	cement-treated 	iayer 
improves rigidity, but it also 
- improves compaction quaiities 
of unbound layers on it and 
thus 
- it ensures the highest pos-
sible E-modulus for ali layers 
Mr Wiik states further that on 
weak and compressible soiis a 
better resuit and a longer 
durability are obtained with 
concrete pavements and with 
pavement structures which are as 
r±gid as possible than with 
asphait pavements. Thus Wiik 
recommends concrete pavements 
as pavements on weak soils in 
the Sw±ss conditions. It is 
provided, however, that primary 
consoiidation is mainiy produced 
by surcharge ioad±ng or deep 
verticai drainage before paving. 
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the sanme evenness of the road surface 
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FIGURE B5-•12. Stiffness design 
principie of the pavement struc-
ture on compressibie soils 
(W. Wiik, Switzeriand) /12/ 
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B 532 	Risk factors related to 
concrete pavements 
Subgrade soil consolidation is 
a risk for the service level 
and durability of the road 
irrespectively of the pavement 
type. When designing pavements 
for conditions sensitive to 
differential settlements these 
risks have to be recognized 
and, if possible, affected by 
means of design. Concrete pave-
ments are prone at least to the 
foliowing risks: 
1) Danger for cracking 
When too great a stress is 
induced by differential 
settlements as to the tensile 
strength of the slab, the slab 
breaks. This kind of a danger 
is evident in the vicinity of 
culverts and bridges. A longi-
tudinal crack may develop 
when road edges consolidate 
more than the mid-area of the 
road due for example to poor 
compaction. It is usual that 
stresses at slabs discharge 
at joints and possible cracks 
remain as hair cracks which 
do not hazard the load-trans-
fer nor regularity. Wild 
cracks will develop on con-
crete pavements for many 
reasons, often the consoli-
dation is not the most im-
portant factor. When neces-
sary, cracking can be pre-
vented with reinforcement of 
the slab or by making tran-
sition structures, Figure 
35-13. 
2) Danger for joint damage 
Angle deformation in joints 
and simultaneously tension or 
compression at their upper 
and lower edges will occur on 
weak and compressible soils, 
Figure 85-14. Compressive 
stresses can break the slab 
at the joint, tensile stresse 
tend to open the joint. Joirit 
damage can be prevented b: 
hii Idi ne wi der naw-cu n 
using joint sealant and a 
joint former strip at the 
bottom of the slab. 
3) Faulting or stepping at 
ioints 
It is thirkabie that the 
rigid pavement "co11ects 
deformation due to consoli-
dation at joints where they 
occur as detrimentally great 
angle differences or faulting. 
According to the Swiss and 
Finnish experience (Figures 
35-19, B5-22) the concrete 
pavement has time to creep 
during consolidation and no 
detrimental angle differences 
will occur, although total 
settlement may be great. 
Requirements provided by the 
road category (compare Figure 
35-5) have to be set for angle 
differences between slabs. 
Dowel bars seem to be neces-
sary in pavements sensitive 
to differential settlements. 
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FIGURE B5-13. Evening out differ-
ential settiements with soil-
cernent wedges (W. Wiik) /i2/ 
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They prevent faulting from 
occurring between slabs, al-
though deforrnation of the 
adjoining slabs would be 
considrable. It has been 
proved in France that a pave-
ment built without dowel bars 
will loose its service level 
quickly (Figure B5-21). 
4) Danger for ponding on an 
old pavement 
The road consolidates more at 
the centre than at the edges. 
Crossfall will decrease in the 
course of years and finally 
there will be ponds on the 
road. The change of the cross-
fali can be retarded by re-
ducing the total settlement 
in advance, stiffening the 
road structure in the trans-
verse direction or - when it 
is a question of concrete 
pavements - by taking measures 
for the drainage of ponds. 
Instructions on drainage by 
means of transverse grooves 
are found in the Swiss stand-
ards. The grooving principle 
has been presented in Figure 
B5-15. The transverse grooves 
in the figure are always 
needed already on a new 
pavement when the gradient 
of the surface is becoming 
too small regarding the flow 
of water. The ponded area 
can, of course, be repaired 
by lifting slabs or by addi-
tional overlay. Local concen-
trations of water can be 
removed also by milling. 
5) The long service life of 
concrete pavements and diff i-
culties in repairing consoli-
dation damage 
The long service life of the 
concrete pavement - perhaps 
3 times as long as with 
asphalt pavements - means 
that there is time for occur-
rence of more consolidation 
or differential settlements 
and they are not meant to be 
repaired during the service 
life. Even for this reason 
-252- 
the magnitude and speed of 
the consolidation phenomenon 
must be restricted by subgrade 
strengthening methods. Also 
the threshold of concrete 
pavement repairs have been 
kept higher and the repair 
measures considered more 
expensive than those of 
asphalt pavements. The need 
for repairs can be minimized 
by subgrade strengthening 
measures and by the good 
quality of the work at ali 
constructiOn stages. However, 
if damage, which must be 
repaired, occurs on the 
conrete pavement, it is taken 
care of as foliows: 
- Faulting in joints or on 
the slab are locally milled. 
- Bad damage where slabs 
have been broken (for 
example siope failure or a 
steep break at a piled 
culvert) is repaired by 
reinforcing the base and 
making new slabs. 
- Joint or crack damage is 
taken care of by traditional 
repair methods of concrete 
pavements. 
Detrimental 	settlement 
where consolidation is stili 
going on are temporarily 
repaired with asphalt. 
When the age and need for repairs 
are studied from the above 
points of view of Mr W Wiik, a 
principai picture of the reduc-
tion in the service level of 
roads in the course of years 
can be presented, Figure B5-16. 
Because rigid pavement struc-
tures even out differential 
settlements better than asphalt 
pavements - aithough they do not 
reduce total settiement - a 
lower decrease in the service 
level is achieved. Thus the 
concrete pavement, inspite of 
its long service life, offers a 
better service levei than the 
asphalt pavement also on weak 
and compressibie soiis when 
both pavement types have the 
same subgrade strengthening 
measures. 
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A ridig structure forms bridges 
over differential settlements 
and preserves the acceptable 
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service level better than 
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FIGURE B5-16. Share of settle-
ments in the decrease in the 
service level 
B 533 	Settlementsandconcrete 
pavement in different 
countries 
Concrete pavement is generally 
regarded as a pavernent for 
incompressible soils. Concrete 
pavements are avoided on soils 
sensitive to differential settle-
ments in many countries. In an 
international survey made in 
1982 only Switzerland and Holland 
showed any design activity 
regarding concrete pavements on 
compressible soils. It is usual 
that asphalt pavements are 
chosen for compressible soils. 
Continuously reinforced con-
crete slabs are recommended in 
England. High embankments of 
main roads are first paved with 
asphalt in Austria. After some 
years of compaction the final 
concrete pavement is built. The 
thickness of the concrete slab 
is increased on weak and compres-
sible soils in Holland. /6, 7/ 
Irregularity on roads and es-
pecially the risk for breaking 
the slab are regarded as un-
certainty factors there. Con-
crete pavements are often built 
on very heavily trafficked 
roads and this may lead to a 
quick widening of even minor 
damage and cause repair need. 
This evasive or passive atti-
tude is possible in many coun-
tries, because there are few 
areas with weak and compressible 
soils and thus the policy of 
undepressed roads is not tech-
nically nor economical]-y over-
straining. 
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Switzerland has an experience 
of more than 50 years in concrete 
pavements on weak and compres-
sible soils, Figure 35-17.19,10/ 
About twenty significant projects 
to build conrete pavements on 
weak soils have been completed 
during the decades. The thick-
ness of peat is usually 2 - 8 
m. Peat 1as often been left as 
lenses between other soil layers. 
In these cases concrete pavements 
have succeeded well, consoli-
dation of no more than 20 cm 
has taken place without needing 
considerable repairs. Early 
projects have encouraged to go 
on and thus valuable information 
has been gathered. The latest 
significant project is the 7 km 
long motorway section N 3, 
Flums -Sargans. The road was 
designed as a sandwich structure 
on peat soils, the thickness of 
which was 9 m at the most (com-
pare Figure B5-7). The reinforced 
slabs are 21 cm thick and 6,25 
m long and they are equipped 
with dowel bars. The condition 
and settlements of the road 
have continuously been followed 
up, FigureB5-18, andtheresults 
have been reported in several 
international congresses. One 
greater settlement has taken 
place on the road section (about 
45 cm for a distance of 80 m) 
but inspite of this the service 
level of the road is stiil 
reported to be good (3,8/5,0) 
and the road is used as a reserve 
runway for military plains. The 
pavement photographed in autumn 
1987 is shown in Figures 35-19 
and B5-20./18/ 
Incompressible subgrade soil is 
required for concrete pavements 
in France. The pavernents are 
cast on a cement-treated layer 
without dowel bars. Consolidation 
has been proved to reflect joint 
damage into the road surface. 
This kind of a damage took 
place on Main Road A 25 in 
northern France (Figure 35-21) 
It is a question of a high 
embankrnent built of slag where 
rather sudden differential but 
minor settlement has occurred and 
this has led to faulting soon 
after the constructiofl. The 
road has succesfully been re-
paired by grinding and by surface 
treatment. 
Holland has reported consoli-
dation of as much as 35 cm for 
a distance of 30 m without 
pavement cracks. Settling con-
crete pavements are mainly 
designed only for inferior 
roads. 
The concrete road Ylikylä-
Parainen built in 1958-59 in 
Finland was completed on a very 
difficult terrain in terms of 
consolidatiofl and practically 
without any subgrade strengthen-
ing measures. The 12,5 km long 
road crosses several compressible 
coastal soils on relatively high 
embankments without any subgrade 
strengthening. Slabs were bound 
to be replaced at piled culverts 
due to steep post construction 
differential settlements. Short 
sections were paved with asphalt 
for the same reason. Qtherwise, 
the concrete pavement has kept 
its service level well inspite 
of consolidation and this can 
stiil be seen, Figure B5-22, 
although the entire road has been 
overlaid with thin asphalt in 
1984. 
The test road Palojärvi - Olkkala 
/16, 17/ was built in 1973 on 
an embankment of 1 - 2 m nearly 
entirely on deep compressible 
soils supported by dry crust 
clay. The soil is formed by 
layers of thick varved clay. 
Unexpectedly great post construc-
tion consolidation started to 
occur on the road section. 
Consolidation of as much as 40 
- 50 cm occurred on the road in 
four years, Figure 35-23. The 
settlementS were especially 
large on full-depth asphalt and 
concrete sections. A follow-up 
report /16/ of the test road 
states that consolidation on 
concrete sections does not 
considerably inconvenience 
driving comfort, because they 
are relatively gentle and wide. 
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FIGURE B5-18. Settlement measure-
ments of concrete road N3 Flums-
Sargans /9/ 
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FIGURE B5-19. N3 Flums-Sargans, 
Switzerland, settlement of the 
concrete pavement (45 cm), 
photographed in 1987 
FIGURE B5-20. N3 Flums-Sargans, 
a general view of the settled 
embankxnent in Switzerland. The 
concrete pavement in an excellent 
condition in 1987 
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FIGURE B5-21. A concrete pavement 
in France damaged due to com-
paction ot the embankment; reha-
bilitated by grinding and surface 
treatment (photo JR/87) 
FIGURE B5-22. Consolidation 
settleinents on Paraistentie 
(concrete pavement 1959, asphalt 
treatment 1984), Finland 
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FIGURE B5-23. Consolidation of 
the Palojärvi-Olkkala test road 
from autumn 1973 to autumn 1977 
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FIGURE B5-24. Level of the 
centre line of the Palojärvi-
Olkkala test road 1973 and 1984 
(when the settlements were 
evened out with asphalt) /16, 17/ 
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According to the report the 
preservation of the driving 
comfort results from the fact 
that !the rigid pavement evens 
out bumps caused by irregular 
consolidation of the soil; these 
burnps have reduced driving 
comfort especially on full-depth 
asphalt sections". The test 
road - except for the concrete 
sections - was levelled and 
repaved in 1978. Later it has 
been necessary to level the 
concrete sections and pave them 
with asphalt, because the con-
crete pavement lost its crossfall 
and pondeci with the advancement 
of the consolidation, Figure 
B5-24, (consolidations of 80 cm 
were measured for a distance of 
100 m). Also blow-ups, especially 
in longitudinal joints, occurred 
when the slabs moved in re-
lation to each other. 
B 534 	Key factors of the 
design 
When designing concrete pave-
ments for soils sensitive to 
differential settlements the 
demands for the design are to 
be found in the new Finnish 
design instructions of concrete 
pavements /14/. The essential 
design values are as foliows: 
- the total settlement of not 
more than 250 mm during the 
service life of the road 
- the change in the gradient 
(longitudinal siope fail) 5 
0/00 at the most during the 
service life 
- the change in the crossfall 
10 0/00 at the most during 
the service life 
- consolidation speed 30 mm/year 
at the most in the beginning 
of the service life 
- the safety factor of the 
embankment against siide 
1,7...1,8 
These design values are neces-
sary in order to reach a con-
trolled design practice. As to 
numerical values, however, the 
above specifications are very 
cautious. The magnitude of the 
total settlement and the changes 
in the gradient and crossfall 
could be considerably greater 
without compromising the driving 
comfort. The only important 
point in the crossfall change 
is preserving the good flow 
conditions ofwater. These design 
values can be understood as 
guiding lines and they can 
differ projectwise if the causes 
for deviation can be justified. 
When a situation as described 
in the design values cannot be 
reached by adjustment of the 
horizontal and vertical alignment 
in the terrain conditions of 
the design project, the necessary 
subgrade strengthening measures 
are to be designed to increase 
the stability and to restrict 
the total settlement and differ-
ential settlements. It can be 
assumed that this procedure 
leads to a resuit where the 
settlement does not shorten the 
effective service life of the 
concrete pavement nor decrease 
its service level. 
In addition to the subgrade 
strengthening measures it is im-
portant that the entire pave-
ment structure is designed as 
rigid as possible. Its thick-
ness should also be as uniform 
as possible. A cement-treated 
layer on the lower part of the 
subbase course can be recom-
mended. 
Damage risks caused by consoli-
dation on the slab itself can 
also be prevented: 
- short slabs are used (4,5.. .6,0 
m) 
- dowel bars are used (abroad 
often also reinforced slabs) 
- compressible joint formers 
are placed on the lower surface 
of the slab 
- broad joints are sawn (more 
than 10 mm, also longitudinal 
joints) and joint sealant is 
used 
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This design principle of the 
slab is equal to the normal 
Finnish design procedure; thus 
the risk for consolidation does 
not essential]y influence the 
design of the slab. 
To be sure that no detrimental 
consolidation occurs on the 
concrete pavement, an asphalt 
layer can be designed as a base 
for the concrete pavement and 
the road can be opened to traffic 
as asphalt-paved and the conso-
lidation situation can be ensured 
by measurements before paving 
with concrete. 
If, 	inspite of everything, 
consolidation occurs on the 
concrete pavement during the 
course of time, repair actions 
won't be taken until the consol-
idation is detrimental to the 
traffic. The final repair is 
undertaken by lifting or re-
placing the settled slabs. If 
consolidation is stiil going 
on, the settling section is 
repaired by paving it temporarily 
with asphalt. 
B 54 SUMMARY 
Irregularities on the road 
surface develop for many reasons: 
finish compaction of the embank-
ment, frost action, fatigue of 
the pavement structure, abrasion 
of the pavement or consolidation 
of the soil. Settlements are 
always a risk for the service 
level and the durability of the 
structure. Most of these risks 
can be controlled by structural 
solutions and careful construc-
tion. Risks caused by the consol-
idation of the soil are control-
led by defining the allowed 
consolidation and differential 
settlements for each road cate-
gory and by taking the necessary 
subgrade strengthening measures. 
The pavement type does not 
affect the magnitude or speed 
of the consolidation, but the 
concrete pavement is capable of 
evening out local differential 
settlements better. Structurally, 
the asphalt pavernent withstands 
greater differential settlements 
than the concrete pavement 
without breaking, but both 
pavement types endure more than 
can generally be allowed as far 
as the service level of traffic 
is concerned. The service life 
of concrete pavements being long 
more differential settlements 
will occur on them than on 
asphalt pavements. If settlement 
repairs are allowed to be made 
as asphalt overlays, the geo-
technical design of the pave-
ment types need not be differ-
ent, but in other cases a longer 
service life of concrete pavement 
must be taken into account as 
better subgrade strengthening 
methods. 
Finland has good experiences of 
designing embankments on weak 
and compressible soils. This 
experience can be utilized also 
when des igning concrete pavements 
on soils sensitive to differen-
tial settlements; the fact that 
concrete pavements are suitable 
for evening out differential 
settlements can thus be utilized 
as a good evenness of the road. 
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CHAPTER C 
CONCLUSIONS PND RECOMMENDATIONS 
The applicability of cement-
bound structures in the Finnish 
traffic, soil and climate con-
ditions has been studied in 
this survey. The material dealt 
with has been outlined in such 
a way that the knowledge of the 
possibilities and restrictions 
of the cement-treated and con-
crete pavements couid diffuse 
to wider and wider circles. In 
the summary of each chapter (A, 
Bi. . .B5) a general view of the 
issue and research and develop-
ment needs has been presented. 
Conclusions shouid be drawn by 
the reader himself. The author 
of the report will, however, 
give his own viewpoints of the 
conciusions and recomxnendation 
of the report in the following. 
C 1 CONCLUSIONS 
C 11 	Conclusions of the 
usage of cement-treated 
nateriais when improving 
the load-bearing capa-
city in the road and 
city street construction 
On the basis of the summary of 
Chapter A 11 the following 
conclusions can be drawn: 
- Good experiences have been 
obtained of the usage of 
cement-treated materiais as a 
subbase and base course of 
asphait-paved roads and city 
streets. It can be assumed 
from the wide international 
interest shown that the usage 
will considerabiy increase 
ali over the world in the 
1990s. 
- Reflection cracking and other 
risks typical of cement-treated 
materiais can now be control-
led. This has meant stricter 
and stricter demands for the 
aggregate and for the propor-
tioning and construction work 
of cement-treated layers. 
Mixed-in-plaflt and mix-in-
piace methods should be used 
and developed side by side 
and on the basis of the ex-
perience the most suitable 
objects of use for each method 
in the Finnish conditions 
should be decided. Good ex-
periences 	of mix-in-place 
projects compieted with effi-
cient special equipment have 
lately been obtained in Fin-
land. It is generally required 
abroad that cement-treated 
mixes on the base course should 
be made by the mixed-in-plant 
method. 
Also 	negative 	experieflCeS 
have been received of cement-
treated materials in cold 
regions - in Scandinavia and 
North America and thus their 
use has been little. A defec-
tive frost protection has 
often been the cause for 
damage. On the basis of the 
material dealt with in this 
report, a cement-treated 
layer which is designed for 
the subbase or base course 
can be considered suitable 
for the Finnish conditions. 
However, the foliowing points 
should be emphasized: 
- 	adequate drainage of the 
structure 
- 	sufficient frost pro- 
tection 
- 	a 	sufficient 	load- 
bearing capacity of 
the subbase 
- 	good frost resistance 
of the cement-treated 
layer 
- 	a sufficient thickness 
of the asphalt pave-
ment to prevent crack 
reflection when the 
pavement is built 
directiy on the cement-
treated layer. 
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- The competitiveness of the 
cement-treated pavement pro-
vides that the good load-
bearing capacity and long 
service life of the pavement 
are taken into account in the 
design and that the use of 
cement-treated materials 
influence also material choices 
of other structural courses. 
Thus the use of cement-treated 
pavements proves to be the 
most prc.fitable way to increase 
the load-bearing capacity of 
heavily trafficked roads and 
city streets and to decrease 
their deformation. 
C 12 	Conclusions of the 
technical and econo-
mical qualifications 
of concrete pavements 
in Finland 
Concrete pavements have been 
dealt with in Chapters Bi.. .B5. 
The summaries of these chapters 
lead to the following conclu-
sions: 
- (Chapter B 1) Construction 
methods and equipment have 
developed very quickly and 
contributed to a more fiex-
ible use and to a more effi-
cient production of concrete 
pavements. The characteristcs 
of a modern slip-form machi-
nery are: 
- 	an automatic instal- 
lation of dowel bars 
- 	a bending beam 
- a possibility to re- 
inforce the slabs 
- 	a possibility to step- 
lessly change the width 
and thickness 
- 	a levelling controlled 
by a laser beam 
The new equipment contributes 
to a greater flexibility in the 
concrete pavement construction 
e.g. on one-lane roads, inter-
sections, ramps etc. 
- (Chapter B 1) The success of 
the construction work has a 
decisive siqnifinance te the 
service level and durability of 
the concrete pavement. The 
succes calls for good equipment 
and materials and a highly-
skilled working team. There 
have always been bad defiencies 
in these factors when concrete 
pavements have been built in 
Finland in the past few years. 
International contracting wouici 
be an appropriate way to gue-
rantee the high quality of the 
work. 
- (Chapter B 2) In the 1980s 
good methods and equipment have 
been developed to repair and 
rehabilitate concrete pave-
ments. There are also several 
methods to repair ruts. Of 
these diamond grinding seems 
to be the most suitable repair 
method. However, there is not 
enough knowledge of the repair 
and rehabilitation methods i.n 
Finland. Hence, it is neces-
sary to make out a manual of 
our own and to arrange cnn-
trolled repair projects. 
Joint sealants should be 
changed at intervals of about 
5 years and ruts should be 
repaired by grinding on the 
most heavily trafficked road. 
Other repair needs depend cc 
how well the construction 
work has succeeded. 
The service life of the Ccc-
crete pavement can be 35 - 
years, if one significan 
rehabilitation project 	i 
provided for. The old pavemere 
is left as a base of the ne. 
pavement either as such or ac 
crushed at the end of th-
service life. 
- (Chapter B 2) The traffic 
management related to repair 
works have become much easier 
thanks to quickly hardening 
concrete mixes. If needed, 
the repair work can be per -
formed so that the repairet 
area is opened to traffi: 
only after a few hours afte 
the casting. 
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- (Chapter B 3) The wear resist-
ance of aggregates is the 
main factor in the studded 
tyre wear of pavements. As to 
the wear of concrete pave-
ments the strength of concrete 
is another decisive factor. 
If the strength of the concrete 
pavement ranges between 
K25. . .K35, there is no essen-
tial difference between the 
rutting of concrete and as-
phalt. But when the strength 
of conrete reaches a level of 
K60. . .K70, the durability of 
the concrete pavement will be 
2,5.. .3,5 times higher than 
that of the asphalt pavement 
built of the same aggregates. 
A test proved that the wear 
resistance of concrete was 
twice as much as that of the 
rubberized bitumen. The ad-
vantage of concrete proves to 
be so great that the best 
aggregates should be cast as 
concrete pavements where re-
peated repairs of rutting 
asphalt have become a probiem. 
The use of concrete and special 
aggregates extends the inter-
vais of rut repairs many times 
over. Thus the need for rut 
repairs on concrete pavements 
becomes apparent only on the 
most heavily trafficked roads 
and the repairs can be per-
formed by grinding at a mode-
rate cost. 
- (Chapter B4) The frost pro-
tection of the road is carried 
out to even out the diffe-
rences of the spring bearing 
capacity and frost heave. The 
category and speed level of 
the road determines how strict 
requirements for load-bearing 
and frost heave differences 
are set. The concrete pave-
ment evens out differences in 
the load bearing capacity 
well and no frost protection 
layers would be needed for this 
purpose. But to preserve the 
regularity and service level 
of the concrete pavement 
differential frost heave is 
necessarily to be evened out 
by pavement layers corres-
ponding to the procedure on 
asphalt-paved roads. Compro-
mising in this principle has 
led to a reduced regularity 
and also to other damage, 
among others on motorways in 
cold regions in the United 
States in the course of time. 
On the other hand, thicker 
frost protection layers should 
not be demanded of concrete 
pavements than of asphalt 
pavements, because the concrete 
pavement (especially the 
pavement built in Finland: 
short slabs, equipped with 
dowel bars) can structurally 
withstand deformation due 
e.g. to frost heave when the 
design has been made according 
to the Finnish design practice. 
- (Chapter B 5) When the embank-
ment is built on soft soil 
deposits consolidation and dif-
ferential settlements occur 
in the course of time and 
they reduce evenness and 
crossfall. Due to the long 
service life the concrete 
pavement consolidates more 
and this can require repairs 
to improve the service level 
of the road. If these repairs 
are made with asphalt the use 
of the two pavement types 
need not be different on weak 
and compressible soils. How-
ever, it is generally assumed 
that the concrete pavement 
should preserve its service 
level without repairs during 
its entire service life. This 
calls for additional subgrade 
strengthening measures to 
even out differential settle-
ments and to accelerate conso-
lidation when the construction 
takes place on weak and com-
pressible soils. 
As to main roads the geotech-
nical design demands are set 
by the road category and no 
extra costs are caused by the 
use of concrete pavements. As 
to secondary roads subgrade 
strengthening measures cause 
additional costs on concrete 
roads if later consolidation 
repairs are to be prevented. 
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- The most suitable concrete 
pavement for the Finnish 
traffic, climate and soil 
conditions is an unreinforced 
pavement with rigth-angled 
short slabs and dowel bars. 
An asphalt-paved roller com-
pacted or normal concrete 
pavement should be investi-
gated as a new solution. This 
kind of an aiternative is 
included at least in the 
Spanish, English and Canadian 
road standards. It could be 
the most profitable solution 
on ali heavily trafficked 
roads cr on roads sensitive 
to differential settlements 
in Finland. The use of an 
asphalt overlay reduces the 
thickness of the concrete 
pavement, decreases demands 
for evenness and, when using 
rcc, accelerates the opening 
to traffic; at the same time 
ali the structural advantages 
of the concrete pavement are 
preserved. 
- On the basis of the material 
dealt with in this report it 
can be stated that there are 
good technical quaiifications 
for the use of concrete pave-
ments also in the Finnish 
conditions. Cold climate sets 
speciai requirements for the 
road construction but we are 
used to solve them here and 
the concrete pavement does 
not considerably change the 
solutions. The most natural 
area of use for concrete 
pavements both technically 
and economically would be 
main roads and streets or 
other heavily trafficked 
roads and streets in Finland. 
When these kinds of roads are 
built the most important 
advantages of the concrete 
pavement are its load-bearing 
capacity, non-deformation, 
wear resistance and long 
service life. 
- As to the price the concrete 
pavement is unable to compete 
directly with unbound pavement 
layers. On the other hand, on 
hniindiayers nf msin 
and streets the concrete 
pavement is competitive already 
in its initial price. And 
thanks to smaller maintenance 
costs the competitiveness of 
the concrete pavement will be 
improved even further when 
the iong-term costs are in-
ci ucied n cci cd at ors 
C 13 	Unbound, fiexi.ble or 
rigid pavement struc-
ture? 
The designer or the decision 
maker should not regard the 
choice of the pavement structure 
as self-evident or as a simple 
either/or task, it should be a 
resuit of wide comparisons and 
judgement. Factors relating to 
cement-bound structures - and 
only certain specially chosen 
issues of them - have been 
dealt with in this report. As 
there is no possibility to a 
more thorough comparison of 
different structural types in 
the Finnish conditions in this 
connection, a newly published 
Central European recommendation 
of the comparison performance 
is shown in Tabies C-1 and C-2. 
Table C-1 studies technical and 
Table C-2 economical and indus-
trial viewpoints. The approach 
is theorethical and rough and 
it may not always be directly 
adapted to the Finnish situation, 
but the study deals with topicat 
issues and encourages Finnish 
designers and decision makers 
to more and more versatile 
investigations when pavement 
and structure types are chosen, 
Many factors have favoured the 
use of unbound road structure 
in Finland, e.g.: 
- the relatively good availabil-
ity of ridge aggregates 
- healthy, good aggregates 
- the thick, non-frost-suscp - 
tible structure demanded by the 
climate 
- no strict environmental re-
quirements (no spoil prohibi-
tions, no recycling compulsion 
fr materis etcj 
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- no industrial waste mountains 
which should be 'buried' into 
the road structure 
- moderate traffic flow and 
stress 
The use of bound structures is 
increasing in Finland as also in 
other developed countries along 
with 
- the increase in heavy traffic 
- the increase in axle and unit 
weights 
- the 	increasing need 	for 
strengthening the existing 
road network 
- the stricter and stricter 
environmental requirements 
for the use of material 
Using cement-bound structures is 
not always the only - or the 
right - way to build a bound 
pavement structure. But - as 
stated above - there are many 
applications where cement-bound 
structures could prove to be 
advantageous also in our circum-
stances. The Finnish comparison 
principles and design and con-
struction practice should be 
thought out in connection with 
our new concrete road projects. 
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TABLE C-1. A FLEXIBLE, RIGID OR 
COMPOSITE STRUCTURE; favourable 
(+) and unfavourable (-) factors 
in a technical comparision of 
the different structure types 
TYPES Or PAVEMEPI1 FLEXIDLE SEMI-R1G1D COMPOSITE RIC1D COMMENTS 
Unlraatod Sob-baae API oraooi Sub-baoe Ali orasel Sob-base Cemont oon- N. cravei unlreated lreMed olli. unlreated Ire.Ied with gravel creie 	iaub 
r.soI bdooinoos oraoel hydraoiic trealad wllh bana lroat.d 
binder, binders hydraoilc for heavy 
Road bsae Road base binder, Ir.fflc) 
-ilGNIFICANl Ero.,.1 oro.,ei 
TECHNICAL 	 'N, il1h1, R 	d ba gravoi 
PARAMETERS bindero binder 
°°° 
TRAFP'IC 
Inhtial numbor of heavy vehieles - havemenis composed with hydrnoiic 
olli. 	pay-ho.d greater Ihan blnders aro very serloitive 10 overloo.Js 
50 kN (per d.y II. eaoh dlreo- whlch iooe nol beon 	.rovidod for ao the Ilon) 
hl.lckr,ess design colcuintiuns. 
legol Iom+l for .ole loada 
130kl4 	 100kO 
-- ________- ____________ ___________ ____________ 
- Conver.o,ty, a shight eotra tllt+knoo 
makea II IeOoeible 10 0000unt for over-
loado who.. thcse aro expccted. 
- Iow Initial trafflc and a higi. rale of 
< 40 1 	< 100 0+ - -. + 
____________ 
- -- - + 
40- 100 1 	100- 300 + + -- - + -- - grooti. (> 10 0) aro focior 	oIio1- 
- - + 
- 
-- 
___________ 
4-1' 
- 
4 10+1 - 700 300 - 2000 
fevour the uae uf unlreatod gravel, 10- 
- gether olli. etage e000tru,tlon. 
--- -- -1+ -- - 4+ 44 760 » '2000 
SUIOCRADE 	bearing c.prnolly 
0 20 or 4-1 4+ - 4 - + - 
OtE 11 ' 150 MP0) - i)lpl.-quohity nobyrolio ooiIo ero 1.- 
voorat,he 10 the uno of ftooibl 	i,ove - 
F.I. (20 > CBR 0 6) - + + + 4 + 
- II Is gonerahly advlsed 001 10 cuIIslrUcl 
rlghd p000lnenio on 000preseit.to nolla. 
- ME11 	nodohus eI the .eeond cycte of 
loor ICBR 0 Ii) -- - - -- 
- - 
-1-0 + 
- 
14 - 
E.hffer.ntIal aelllemento 4-0 + - 	- - .._ 
espoted Iho phaln-bearhg teot. 
CIIMA tE 
Very hlgh temperalures - -- -- -1-1- 1- 
(rh,k ot rulllng) - The rlak o( rutllng lo grealer on upi- __________ 
ward. gradea. 
- Pavementa in whlrl 	lo..is aro weu dio - 
trlh,oled aro leo.. sersitive 10 0 loso ei 
Sever. frOOI 
-- 
-- - + 
- + - 44 - 	 - + 
Iloavy raIntati - + 4+ + 4+ +1 4-1' 
- - 	- - - - + 
bearing ropoehty doring a Ihan,. 
Preaenc. of 4. lntng a.11. 	- - - De-lelng reoutta ln noai,lolulng a hIrn- 
SenOo 01 00101 00 iho p500loenI, ohleIt 
lo dotrinonial 10 the, bolsvlour o(bitn,nl- ____________ 
noun uurfoctngg, 
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TABLE C-2. A FLEXIBLE, RIGID OR 
COMPOSITE STRUCTURE; favourable 
(+) and unfavourable (-) factors 
in an economic and industrial 
comparision 
TYPI.S OF PAVEM1IT FLIIXIBLE SEM1-Rt(..ID COMPOSITE RIGIO COMUNTS 
Unire.i.d Sob-bane Ali gr.nl Sob-b.no Ali grae.l heti- bate Ceroent eon- 
untr.aied treated with lre.ted 	iih grand crote 1  outi- 
gravel intuminous gravel t,ydraulIc treaitd antti Uno tre.ted 
blndero bioders hydraeliC for heany 
Road Uno Ro..d bano bi,rdoro tr.ff,c) 
SIGNII-1CANT :ated*ith r:M:d wit*i 
Ro.d baoe 
ECONOMIC AND 	\ b,twelrioos hydraeiic tre.tod antti IHOUSTRIAL. 	 N bindoro blnd.r btlOiiS PARAMETERS \\ 
1 tn,iied umoodtateiy 	ynjIabio 44 + + - - -- lii ,,oiu000 	 liovomento 001,1, 	ti,Lru10 
fw,do eedlor lrigh dlocowtt o t 	o-ot.ged olrdiegy iio6'e 0 reUit,vri 
tule sdvantege. 
- The Insutticleni olin ot work seetI000 
/6 ,elaitvely unfavourobin 10 cea,ent 
0.1110 rdle. 
Cooi of hlnrlrgnce to traffie (lue - i- + - - * * - 	ThIn tornI sIiould tie nxarWIr.ud 10 delaIl 
1.1 uuurtenanco works wiik, . oko lo Irnlflc, I»ain(ensnee 
QUOn000, and the value ot user.' tilat. 
Extslnnce of unusea Oour001 - - -- + 44 + 4* - 	Pru,nided (tieto lo Ii wihhingbe&a te 
of hydreotla burdera (aiage, lIlinlnnIeIii ao adapind lndaotr -u.h 0trat 	- 
Oy-aot,. j'oaaoiant. or co000i) gy. 
- 	to,icreic een te niede uuing lnexpen - 
olut ceIrIvIlI wiik, 0 tuo elinker cooteI,1 
Relotivo aerthty af rori - -6 - Thia ytolIhuin ro uuflIieted 0,114 1001 
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RECOMMENDAT 1 ONS 
The author of the report wishes 
to present the foliowing recom-
mendations for the pianning of 
further actions and for the 
utiiization of the cement quaii-
fications. 
- Matters related to the use of 
cement should be part of the 
pavement policy as a whole, 
Figure C-1. It should be 
noted that research, training 
and specificatjon actions are 
being taken ali the time in 
respect of structures bound 
with bitumen. After having 
these functions properly 
started also regarding cement-
bound materiais they should 
be merged as a normal part of 
the road construction practice. 
- Thorough training programmes 
for cement-bound structures 
shouid be carried out for 
different key groups and 
students at universjtjes and 
technicai highschoois. 
- Possibilities to accomplish a 
concrete road programme are 
to be studied as a co-operation 
of the different parties. The 
minimum demand of the first 
phase would be annual construc-
tion of concrete pavements of 
about E - 10 km for example 
during 5 years. In additior 
to new motorway and main roan 
sections also present asphait 
paved road sections of heavily-
traffjcked urban roads and 
streets could be chosen for 
the concrete road programmo. 
- The quaiity of concrete pave-
ments will be ensured bv 
using foreign equipment and 
craftsmanship in the initial 
phase. 
- Construction and maintenancE 
specifications for concrete 
pavements should be drawn up 
in co-operation with tho 
- Cement-treated structures (= 
composite structures) are to 
be investigated in connection 
with the ASTO-project or by 
special projects. 
- Specifications for the use 
and design of bound base 
courses are to be made out in 
the Road and Waterways Adininis-
tration. 
- Research 	and 	development 
activities are to be continued. 
Development needs are de-
scribed in the suinmaries of 
the various chapters of the 
report. In addition to the 
above attention may be paid 
at least to the continuation 
of morain investigations, 
testing of the two-layer 
technique in the construction 
of concrete pavements and to 
the study of asphait-overlaid 
concrete pavements. 
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FIGURE C-1. Associating con-
crete and cement--treated pave-
ments with pavement policy 
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ABBREVIATIONS 
AASHTO Anierican Association of State Highway and Transportation 
Officials 	(formerly AASHO) 
ACI Arnerican 	Concrete 	Institute 
ACPA Arnerican Concrete 	Pavements 	Association 
ASCE American Society of Civil 	Engineers 
ASTM Arnerican Society for Testing and Materiais 
ASTO Asphalt Pavernent Research 	Prograrn 	in 	Finland 
- started 1986 
BAST Bundesanstalt fuer Strassen-Wesen 
CBI Cernent och Betonginstitut 
C&CA Cernent and Concrete Assosiation 
CEMBUREAU Organisation of European Cernent Producers 	(Paris) 
(C) 	CP (Cernent) 	Concrete Pavernent 
-PC(arn) - 	Plain Concrete Pavenient 
(URC)(engl .) 
-PD 'Piain 	Dowelled' 
-RD 'Reinforced, 	dowelled' 
-CRC(P) 'Continuously reinforced' 
CRREL US. ARMY Regions Research and Engineering laboratory 
CTGM Cernent Treated Granular Material 	(Cernent treated base) 
FHWA Federal 	Highway Adrninistration 
IRF International 	Road 	Federation 
IRRD International 	Road Research Data 
LCPC Laboratoire Central 	des Ponts et Chaussees 
NCHRP National 	Cooperative Highway Research Prograrn 
PANK ry A Board of Asphalt Paving Specialists 	in 	Finland 
PCA Portland Cernent Association 
PIARC Permanent 	International 	Association of Road Congresses 
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PSI 	Pavem 
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very poor 
PSR 	Present Serviceability Rating 
PTL - NVF 	Pohjoismaiden Tieteknillinen Liitto - Nordiska Vgtekniska 
Fbrbund - Organisation of Road Speciality in Scandinavian 
Countri es 
4-R-prograni 	Resurficing - Repair - Rehabilitation - Reconstruction - Prograni 
RCC (P) 	Roller Compacted Concrete Pavement 
SC 	Soil-Cement 
SHRP 	Strategic Highway Research Project 
State DoT 	State Department of Transportation 
TRB 	Transportation Recearch Board 
TRRL 	Transport and Road Recearch Laboratory (Crowthorne) 
US Army Corps - organisation of engineers (USA) 
of Engineers 
VTT 	Statens Vägtekniska Institutet 
VTT Valtion Teknillinen Tutkimuslaitos 
(State Technical Recearch Center in Finland) 
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